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STRUCTURAL GEOLOGY OF WIND RIVER CANYON 
AREA, WYOMING! 


JOHN R. FANSHAWE? 
Camp Crook, South Dakota 


ABSTRACT 


The Wind River Canyon of Wyoming provides a structural cross section of the 
Owl Creek-Bridger uplift, and gives effective indication of the processes and stages by 
which Laramide deformation proceeded in this region. Exposures in the canyon area 
also indicate the réles of competency variations within the stratigraphic column in con- 
trolling pressure responses of different rock units. The Laramide faults and folds are in 
part reflections of these competency variations, and in part owe their trends to the 
resolution of the applied Laramide deformative forces. 

The structure of this canyon area is particularly interesting because of the illus- 
trations it affords of the structural contrasts between the nature and origin of the pri- 
mary inter-basin Owl Creek-Bridger uplift, and the secondary intra-basin ramp and 
other basin-mechanics products which feature the Bighorn Basin. The Owl Creek- 
Bridger uplift was initiated as an anticlinal fold by inter-basin competition early in 
Laramide deformation; and was subsequently ruptured by southward and slightly 
eastward crowding of the Bighorn Basin, relative to the Wind River Basin, as deforma- 
tion progressed. The Boysen fault is a normal one, developed after the southward 
overthrusting was largely complete, and was due to the (relative) downdropping of the 
toe of the overthrust mass. Some additional post-Boysen-fault thrusting is also indi- 
cated by the drag effects shown south of this fault. 

Post-Laramide dips in the adjacent Wind River Basin are interpreted as due to 
accentuation of initial depositional slopes after compaction under once-present sedi- 
mentary overburden. 


INTRODUCTION 
SCOPE AND PURPOSE OF INVESTIGATION 


The Wind River Canyon, which transects the Owl Creek-Bridger 
uplift, provides an excellent opportunity for studying the nature and 
origin of intra-basin and inter-basin structures of types that are com- 
mon in the central Rocky Mountain area. In particular, it is possible 
to determine relationships between primary inter-basin overthrusting 
of major proportions, and secondary—or subsidiary—ramp and other 
basin-mechanics structures which feature intra-basin areas in central 
and eastern Wyoming. 


1 Manuscript received, June 9, 1939. 
2 State Royalty Petroleum Company. 
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GEOLOGY OF WIND RIVER CANYON AREA 1441 


The structural features and relationships dominant in the tectonic 
pattern of the central Rocky Mountain region are exhibited with ex- 
ceptional clarity, and on a major scale, within and near the Wind 
River Canyon. Consequently, the writer’s study of structural features 
and relationships of the general Wind River Canyon area, though 
undertaken primarily to provide information as to the nature and 
dynamics-of-origin of these local tectonic features, was also under- 
taken because such a study of this typical area would ultimately pro- 
vide an important contribution toward an understanding of the build- 
ing of the Central Rockies as a whole. To serve both purposes, it was 
obviously essential to determine, so far as possible: the nature and 
space relationships of the structural features within the Wind River 
Canyon area; the evolutionary sequence of tectonic events in the de- 
velopment of those features; and the nature, direction of application, 
and mode of transmission of the forces which were productive of the 
deformational features observed. Because of the time limitations 
within which the work had to be done, attention was centered almost 
exclusively upon the determination and three-dimensional mapping 
of the structural features, with only such minimum studies of the 
stratigraphic and other phases of the geology of the region as were in- 
dispensabie to the tectonic studies projected. 

The magnitude of the features and the position of the area in re- 
spect to the other larger features of the Central Rockies make it of 
prime importance in the eventual resolution and recognition of the 
forces that were operative during the tectonic development of the 
mountain systems of the region. 


LOCATION AND NATURE OF AREA 


As shown by Figure 2, the area chosen by the writer is roughly 
rectangular—about 17 miles in length (from north to south) and about 
8 miles in width. 

From north to south the area extends from the Bighorn Basin, 
across the Owl Creek-Bridger-Bighorn mountain arc, into the Wind 
River Basin; whereas from west to east it begins 2 miles west of the 
Wind River Canyon and extends to the Birdseye Pass valley along the 
western flank of the Bridger uplift. The river flowing northward 
through the canyon is called the Wind River until it reaches the 
north portal of the canyon, where it becomes the Bighorn River, 
and is remarkable for the small number of its permanent stream 
tributaries. Just east of the canyon lies what is termed “Copper 
Mountain,” which continues into the Bridger uplift, and west of the 
canyon the name Owl Creek Mountains is applied. The names are of 
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1444 JOHN R. FANSHAWE 


topographic significance only, as the continuity of the structure east 
and west across the canyon is obvious. At the canyon, the mountain 
uplift itself is 13 miles across on a north-south line from the Bighorn 
Basin to the Wind River Basin. 

U. S. Highway Route 20 and the Chicago, Burlington, and Quincy 
Railroad pass through the area, converging to go through the Wind 
River Canyon. Except for this canyon highway, roads are few and 
very poor, but make possible an approach by car to within 3 miles of 
any point in the area. 

Topographically the Owl Creek-Bridger range is featured by a 
series of dip and scarp slopes, the result of the stripping-off of softer 
sediments from the backs of the more resistant sandstones and lime- 
stones by intermittent stream action and sheetwash—aided slightly 
by the wind during the longer dry seasons. Except for the zone south 
of the Boysen fault, it is Bighorn Basin topography on a grander scale. 
The canyon is an erosional cut at right angles to the general east-west 
strike of the Paleozoic strata. A few pediment remnants of two or 
more cycles extend outward into the basins from the north and south 
flanks of the uplift. These surfaces slope away from the mountains, 
bevel folded and tilted strata, and are characteristically covered with 
a veneer of coarse boulders and slightly waterworn gravels. 

There is no evidence of beveling of the strata at or near the sum- 
mits of the mountains in the Wind River Canyon area. 


REVIEW OF OTHER GEOLOGIC INVESTIGATIONS 


Most early geologists avoided the Wind River Canyon. The Big- 
horn Basin on the north received much attention, as has the Wind 
River Basin on the south, but the area between has probably been 
regarded as a barrier that had to be crossed rather than investigated. 

The canyon is not mentioned in the reports of Captain John C. 
Fremont’s explorations in 1841. 

The Heyden Surveys for 1868 give a short geographic description 
of the canyon, but the territory on the south, west, and northwest was 
their main concern (20, p. 71).’ 

In 1894 G. H. Eldridge published the first geologic map of central 
Wyoming and recognized the anticlinal type of the mountain uplift 
in the canyon area (16). 

N. H. Darton was the first to publish a comprehensive report on 
the geology of the region in 1906 (14). His work still stands on the 
present geologic map of the stat: of Wyoming. 

As far as structural geology is concerned, this completes the his- 


3 Numbers in parentheses refer to Bibliography at end of article. 
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tory of previous field work in the area—except for observations made 
by Bucher, Chamberlin, and Thom (8, 9) prior to and during the 
progress of the investigations for this report. Their reconnaissance 
indicated importance of the Wind River Canyon area in structural 
interpretations of the Central Rockies; this work was suggested by 
their regional studies. 

C. S. Gwynne has published on the pre-Cambrian structure of 
the canyon itself (19). 

Many workers have paused in or near the canyon area in pursu- 
ance of a stratigraphic, physiographic, or regional economic problem, 
but they have not added materially to knowledge of the tectonic 
history of the mountains. Some of their works are listed in the ap- 
pended bibliography. 

After the completion of this manuscript an article to refute a 
supposed theory of ramp origin for the Owl Creek-Bridger uplift was 
published by C. T. Jones (24) on a part of the area included in this 
report. From the wording on p. 5 of the 1937 Guide Book for the Big- 
horn Basin-Yellowstone Valley Field Conference it can be inferred 
that ramp thrusting led to the development of the Owl Creek-Bridger 
mountain structures; actually, the only structural feature in the area 
with which a ramp fault in the subjacent basement rocks is postulated 
is the Red Canyon anticline (Fig. 4). At the final meeting of the field 
conference in Cody on August 5, 1937, the writer—in a discussion on 
the Boysen fault—set forth his views on this point, agreeing with John 
L. Rich when the latter called attention to the improbability of ramp 
faulting in association with the major structures exposed in the Wind 
River Canyon. 

FIELD WORK 


The field work for this paper was done during the summers of 
1931, 1935, 1936, and 1937 as a thesis study conducted under the 
direction of the Department of Geology of Princeton University, and 
also as a unit in the major research program of the Yellowstone- 
Bighorn Research Association, whose headquarters are at Red Lodge, 
Montana. 

Lithology was found to be an adequate basis for the correlation of 
the strata within the region covered by this report. As correlation of 
the formations with those in near-by described areas was made easy 
by the previous work of many other observers, fossil collecting and 
the identification of paleontological specimens were not primary 
objectives. 

The pre-Cambrian rocks have been treated as a complex unit in 
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these investigations, and no attempt has been made to establish their 
age relationships to pre-Cambrian formations in other regions. 

Lack of any good base map retarded the investigations to the speed 
of map making. Air photographs became available in 1935 through the 
activities of the United States Soil Conservation Bureau. Some of 
these have been used to check the plane-table work. 
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STRATIGRAPHY 
GENERAL SUMMARY 


As shown by Table I, the section involved in Wind River Canyon 
structures includes formations from pre-Cambrian to late Eocene in 
age—minus representatives from the Silurian and Devonian periods. 
Quaternary (or Tertiary?) gravels, in many places with travertine, 
cover pediment or bench remnants that slope toward the basins from 
the lower flanks of the mountain uplift. 

The resistant pre-Cambrian rocks are chiefly dense black crystal- 
line schists and brown stratified schists that are intruded by granites. 
None of the intrusions penetrates into Cambrian or younger forma- 
tions; all are beveled by the erosion surface that developed before 
Cambrian deposition was initiated. This unconformity reveals a 
topography with a local relief of about 50 feet. 
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TABLE I 
STRATIGRAPHIC SECTION FOR WIND RIVER CANYON AREA, WYOMING 
Thicknesses in Feet 
Age Formations Bighorn Basin | (, Wind River Basin 
(Hewett, 22) anyon (Bauer, 3) 
Eocene Wird River 
Wasatch 
Paleocene Fort Union 2,000 — 5,600 975 
Cretaceous(?) Lance 840 — 1,800 95° 
Cretaceous Meeteetse 250 — 1,400 940 
Mesaverde 1,120 — 1,410 980 
Cody 1,900 — 3,400 |} 10,837* | 4,200 
Frontier 494 - 648 800 
owry 160 - 375 250 
Thermopolis 400 - 800 209 
Cloverly 300 20 
150 
7,274*-15,733* 40 9,504* 
Jurassic Morrison 305 
Sundance 325 
Triassic Chugwater 1,300 
Dinwoody 60 
1,990* 
Permian Phosphoria 4 220 
Pennsylvanian | Tensleep 380 
Mississippian Amsden 260 * 
Madison 450 
Ordovician Bighorn 140 
Cambrian Boysen 530 
Depass 57° 
2,550° 
Pre-Cambrian Schists, gneisses, and granites 


Approximate thickness of section, base Depass to top Fort Union, 15,380.* 

Cambrian thicknesses from C. Deiss (15). 

* Totals. Figure for Cretaceous and Paleocene of canyon area is estimated. 

The Paleozoic depositional record begins with the conglomeratic 
base of the Depass formation of Middle Cambrian time. Eleven hun- 
dred feet of sediments were deposited during the rest of the Cambrian. 
The Depass formation consists of a basal Flathead facies of quartzites, 
sandstones, and thin shale lenses, and an upper shale and sandstone 
Gros Ventre member. The thickness is 530 feet. Upper Cambrian 
time is represented by the 570 feet thickness of the Boysen formation, 
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Fic. 3.—View of Paleozoic section, and top of pre-Cambrian, exposed in west wall of Wind River 
Canyon. Base of Bighorn dolomite is in immediate right foreground. 
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which is mostly limestones, calcareous shales, and shales, and con- 2 
tains beds of intraformational conglomerates throughout. - 
This entire Cambrian section was first called “Deadwood” by ‘ “4 
N. H. Darton in 1906 (14). It was subdivided by B. M. Miller in 1937 
(31) who applied the name “Gallatin” to the upper part of the a 
section, and proposed the new formational name of ““Depass” for the 
lower half of the section. Later work by C. Deiss (15) and C. Loch- 
man in 1937 revealed faunal evidence that showed the term ‘“‘Gal- 
latin” to be ill-advised. These last two investigators have re-delimited 
Miller’s Depass formation, and proposed the new term “Boysen” 
formation to apply to the Upper Cambrian strata. . 
Ordovician time is represented by the 140-foot cliff of massive 
Bighorn dolomite. A basal yellowish sandy zone rests on the purplish 
beds of the Cambrian, and grades upward into the massive dolomite. ' . ; 
A. K. Miller (30) refers all of the Ordovician beds present to the Rich- Ap Aa 
mond stage. 
The Mississippian Madison limestones, 450 feet thick, overlie the 
Bighorn formation with no apparent disconformity. Faunal con- 
trasts show the difference in age, but the actual line of contact repre- 
senting the hiatus is hard to find. The Amsden formation gives the 
record of the Lower Pennsylvania and the Chester epoch of Upper 
Mississippian (32); there are 40 feet of purplish shales, ordinarily 
covered, and 220 feet of limestones and shales interbedded with great 
quantities of chert. The basal Amsden contact is covered; the contact 
with the overlying formation is erosional. 
Continental sediments, mainly wind-driven sands, form the 380- 
foot thickness of the massive and cross-bedded Tensleep formation. 4 
Marine conditions become re-established in Permian time and the “ae 
limestones and shales of the Phosphoria formation were deposited. The , 
gently undulating eroded surface of the Tensleep sandstone is in part 
the cause for the thickness variations of the basal limestone members. 
Triassic formations, 1,360 feet thick, succeed the Phosphoria. The 
bottom 60 feet of shales and limestone is called the Dinwoody forma- 
tion, and is here mapped with the Chugwater. The Phosphoria-Din- 
woody combination has been termed the Embar group. It is clearly 
shown by H. D. Thomas (34) that, in this area, the “group” brackets 
beds that belong in different periods, and that the Dinwoody is a 
facies, equivalent in age to the base of the Chugwater farther east. 
Because of this awkward time overlap, the term “Embar’”’ is not used 
in this report. The Dinwoody formation is followed by the Chugwater 
formation, consisting of 1,250 feet of shale and sandstone redbeds 
topped by 50 feet of gypsum. 
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The disconformity above the Chugwater represents the absence 
of much record as the overlying Sundance formation belongs in the 
Upper Jurassic. The lower portions are made up of fine-grained lime- 
stones, shales, and a few gypsum layers; the upper portions are 
mostly greenish sandy shales containing Gryphaea and Belemnites. 
The greenish sandstones and sandy shales of the Morrison formation 
continue the record of Upper Jurassic time. There is no clearly 
marked line between these formations; together they are 630 feet 
thick; and, where measured, the Sundance is 305 feet thick—if the 
arbitrary line of separation was correctly chosen. 

The basal conglomeratic beds of the Cloverly formation are dis- 
conformable over the Morrison, and begin the Cretaceous record after 
the lapse of nearly all of Lower Cretaceous time. 

Structural complexities and lack of exposures make it impossible 
to gain information as to the thickness and lithologic character of the 
represented Upper Cretaceous formations within the Wind River 
Canyon area, though some beds beneath overthrust Paleozoic rocks 
on the west side of the river at the south entrance of the Wind River 
Canyon have been exposed by erosion. Deformation in this area has 
been so intense (Figs. 5, 6, 15, 19, and 21) as to render measure- 
ments useless and the identification of formations uncertain. For in- 
formation on the thicknesses and characteristics of these sediments 
the nearest described areas in the Bighorn and Wind River basins 
have been used (3, 18, 22, 25). 

Measurements by Bauer and Hewett in near-by areas (Table I) 
indicate that 10,000 feet for the entire local Cretaceous section is a 
probable estimate. 

After Bauer (3), the total thickness of Mesozoic sediments present 
in the part of the Wind River Basin covered by this report should be 
between 9,000 and 10,000 feet. Deducting the 2,000 feet of Mesozoic sec- 
tion measured in the canyon area, there should remain at least 7,000 
feet of Upper Cretaceous sediments, as well as the Fort Union of the 
Paleocene, that are covered by the overlap of the Wind River formation. 

D. F. Hewett (22) gives measurements for these strata in an area 
that extends to the southern part of the Bighorn Basin about 20 
miles west of Thermopolis. From the Cloverly formation (Lakota- 
Fuson-Dakota of Bauer) up through the Fort Union formation there 
is a minimum thickness of 7,274 feet and a maximum thickness of 
15,733 feet. 

Shale beds make up the bulk of the Cretaceous section, but sand- 
stone and limestone layers occur at intervals. Coal seams are found in 
the formations overlying the Cody shale. 
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Love (26) reports o—1,500 feet of Wasatch beds overlying deformed 
undifferentiated Cretaceous formations in the western Owl Creek 
Mountains. 

The Wind River formation of Upper Eocene age (3, 6, 33) is 
absent from most of the Bighorn Basin, but overlaps all older forma- 
tions at various places on the south front of the Owl Creek-Bridger 
uplift. It filled the valleys that resulted from the erosion of the newly 
formed Laramide Mountains and therefore still extends for a mile or 
more within the present mountain topography. It is composed chiefly 
of sandy shales of all colors (grays and buffs predominating), with 
local fanglomeratic facies against the mountains. The oldest beds of 
the Wind River formation are not exposed and the upper parts are 
missing. It is the writer’s belief that this formation once covered the 
mountain area in the vicinity of the Wind River Canyon, as outliers 
still exist at the headwaters of Bridger Creek along the drainage di- 
vide between the Bighorn Mountains and the Bridger range at eleva- 
tions greater than 7,500 feet, that is, above the divide-summit eleva- 
tions in the canyon area. 

The sedimentary record is scanty after the deposition of the Wind 
River formation, and the geologic history must be interpreted in 
terms of land forms and erosion. Later sediments, found only against 
the lower flanks of the mountains, consist of terrace gravels (Qg/ and 
Q?) up to 1o feet thick deposited on basinward-sloping erosion sur- 
faces that bevel the underlying structures. Along the south front of 
the mountains, at least three terrace levels are discernible. Sloping 
north from the mountain front into the Bighorn Basin there was 
found only one terrace level; of the three investigated terrace rem- 
nants, the two nearest the Wind River Canyon are capped with 
travertine (Q#) as well as the ordinary gravels. 

At greater elevations than the prominent terrace levels previously 
indicated, gravels are found here and there in the mountains. Though 
very few in any locality, they suggest the former existence of higher 
terrace levels that are now completely missing from the mountain 
borders and adjoining basins. 

The age of the several terrace levels is not known; the veneer of 
fluvial gravels has yielded no fossils. They are the result of local 
stream rejuvenation and may be as late as Pleistocene in age. Mackin 
(28) considers the problems presented by similar terraces farther 
north within the Bighorn Basin. He illustrates clearly that separate 
terrace levels may not be considered to represent pauses in the up- 
lifting of the region, as so many other factors (climatic change, stream 
capture, et cetera) may bring about the same result. Regional uplift 
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is involved, but each terrace level does not constitute evidence for a 
time of stillstand between times of uplift. 


Recent alluvium (Qa/) along the present drainage channels com- 
pletes the sedimentary record in the area. 


Table I indicates the approximate thicknesses of the major 
stratigraphic units in the area; Table II expresses these thicknesses 


graphically and indicates the structurally competent and incompetent 
groups. 
DETAILED STRATIGRAPHIC SECTION 
(Measured in Wind River Canyon area) 


The section from the Lakota (basal Cloverly) to the base of the Chugwater was 
measured on the south-facing escarpment 2 miles east of the highway bridge over the 
Bighorn River near the north end of the canyon. 

Lakota conglomerate (K/), Lower Cretaceous 
Feet 
16 Sandstone and conglomerate lenses capping escarpment; unconformable over 
Morrison 
Morrison formation (Jm), 305 feet thick, Upper Jurassic 
150 Covered in part, mostly greenish sandy shales 
25 Prominent cliff of light gray sandstone 
95 Greenish sandy shales 
35 Cliff of greenish sandstone, poorly consolidated. Notch occurs 20 feet from 
top due to a 1 foot bed of greenish shale 
No obvious line of separation from underlying formation. 
SUNDANCE formation (Js), 325 feet thick, Upper Jurassic 
185 Partly covered, mostly greenish sandy shales. Belemnites occurs in — 
portions; a few calcareous beds bear Gryphaea and fragments of othér pelec- 


20 Brownish sandstone 

40 Green shale, sandy in upper 8 feet 

41 Chalk-white fine-grained jointed limestones; green, gray, and red shales; 
thin gypsum beds; and a “lithographic” limestone bed 4 feet thick beginning 
5 feet from base 

39 Crumbly red shale; unconformable over Chugwater. Thin gypsum stringers 
along and across bedding planes, may continue into underlying gypsum beds 
at top of Chugwater 

CuuGWATER formation (Trc), 1,300 feet thick, Triassic (38) 
50 Gypsum beds 
1,250 ‘“‘Redbeds.’”’ Red shales, sandy shales, and sandstones. Gypsiferous at top; 
a few thin beds of white, gray, green, or purplish shales; Lee’s “‘Alcova lime- 
stone”’ (25) is 380 feet below base of gypsum. Two red sandstone members 
stand out as cliff-formers and divide formation roughly into thirds. Ripple 
marks common at many horizons 
Dinwoopy formation (mapped with Chugwater), 60 feet thick 
Triassic (38) 
Best exposure on west side of river at north end of canyon. Light brown and 
low sandy shales capped by 15-20 feet of dark gray shaly and gypsiferous 
imestones. Basal contact covered 
PuospuortA formation (Pp), 205-235 feet thick, Permian (38) 
White and gray limestones and gray shales. Smaller thickness is from section 
exposed on east rim of canyon, 3.5 miles in from north end; appended thicker 
section exposed in smaller canyon cut by Buffalo Creek 3 es east of north 
end of Wind River Canyon. 

60 Resistant member that forms “‘dipslope” on north flank of mountains. White 
and buff limestones, massive in middle 30 feet, thin-bedded above and below; 
scattered flecks of glauconite in lowest 10 feet 

85 Thin-bedded light gray granular limestones; thin irregular chert bands in 
lowest 20 feet 
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40 Gray shale 
25 White and gray limestones with irregular chert bands 
25 Massive white limestones 
Unconformable over Tensleep, but corresponds closely as to strike and dip. 
Basal 25 foot member is missing in 205 foot section; others vary somewhat 
TENSLEEP formation (C/), 380 feet thick, Lower Pennsylvanian (32). Section measured 
on east side of canyon, 3.5 miles in from north entrance 
380 Massive and cross-bedded rusty brown sandstones. Forms high impressive 
“rim-rock”’ of canyon wall 
AmsDEN formation (Ca), 260 feet thick, Chester epoch of Upper Mississippian (7, 32) 
220 Buff and gray sandy shales and limestones of variable thickness (to 10 foot 
maximum) with interbedded irregular chert beds possibly as thick as 8 feet 
40 Purplish shales; generally covered 
Maptson formation (Cm), 450 feet thick, Mississippian 
120 “Blue”? member. Mainly massive gray limestone that weathers with faint 
but unmistakable blue, and forms rounded cliff projections in canyon. Fos- 
siliferous in upper part, limestone breccia zone at base containing pink, 
yellow, and white fragments 
330 Lower member, light gray limestones; thin, interrupted bands of chert at 
irregular inte 
130 Thickly bedded gray limestones 
140 Platy, thinly bedded gray limestones, here and there geodes containing cal- 
cite crystals and shale “‘plasts”’ in upper 40 feet 
60 Thickly bedded gray limestones. Basal contact difficult to determine; bedding 
planes parallel with underlying formation, disconformity 
BicHoRN formation (0b), 140 feet thick, Ordovician (Richmond stage, 30). Section 
measured in gully on east side of canyon, 6.5 miles by road from north 
entrance 
140 Massive light gray dolomite containing scattered small quartz grains. Basal 
contact with underlying Cambrian gradational—sandy dolomitic phase 7 
feet thick occurs at base. Weathered surfaces dark gray; formation is most 
prominent cliff-former in area 
CaMBRIAN formations, 1,110 feet thick 
Section measured near Smith’s cabin, 9.7 miles by road from north edge of 
water hole at north end of canyon. In 1937, C. Deiss examined this section. 
His results (15) are agreed with and followed completely in this paper. 
Miller’s ““Depass formation” has been re-defined so as to include only those 
beds that contain a Middle Cambrian fauna, and the new term “Boysen 
formation” has been applied to the Upper Cambrian section. 
In brief, the Cambrian section is made up of: 
Upper Cambrian, Boysen formation 530 feet 
Grove Creek member 40 feet 
Snowy Range member 308 feet 
Maurice member 182 feet 
Middle Cambrian, Depass formation 580 feet 
Gros Ventre member 300 feet 
Flathead member 280 feet 
A condensation of Deiss’ measurements (15) follows. 
Boysen formation (€6), 530 feet thick, Upper Cambrian. Members are equivalent in 
age to formations of same names in Beartooth region of Montana. 
Grove Creek member, 40 feet 
40 Vari-colored beds of shale, limestone, and intraformational conglomerates. 
Graptolites found 14 feet from top, Dikellocephalus at base 
Snowy Range member, 308 feet 
go Shales, limestones, and intraformational conglomerates. Maroon and green 
colors dominate in upper part, greens and grays in lower part 
42 Covered 
33 Shales, conglomerates, and limestones. Mostly dull green colors. Ptychaspis 
in lower tan limestone bed 
124 Covered 
19 Shales and limestones with interbedded intraformational conglomerates. 
Colors mostly greens and grays. Trilobites 4-6 feet from top 
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Maurice member, 182 feet 
14 Green and gray limestones, with thin sandstone beds in upper part. A phelas- 
pis 8 feet from top 
96 Prominent limestone cliff; mostly dull-and-tan-gray limestones and intra- 
formational conglomerates. Blontia, Kingstonia, and Tricrepicephalus found 
22 feet below top of cliffs; Arapahoia and Blontia occur 8 feet above base 
62 Limestones, shales, and a few intraformational conglomerates. Colors mostly 
grays and greens. Trilobites occur 12 feet above 
Depass formation (€d), 580 feet thick (type section of B. M. Miller, amended by 
C. Deiss, 1937). Middle Cambrian 
Gros Ventre member, 300 feet 
too Shales, limestones, and conglomerates; sandstones in lower 30 feet. Green 
and gray colors dominate. New genera of trilobites 10 feet from top 
83 Shales and sandstones. Green, purple, maroon, and gray; worm tubes and 
glauconite at many horizons; Glyphaspis heads near top 
117 Shales and sandstones. Green, maroon and gray; beds of glauconite and odlitic 
hematite in middle part; glauconite and worm tubes found at intervals 
ents Glyphas pis heads near top; trilobites in shale and sandstone near 


se 
Flathead member, 280 feet 
25 Gray and tan sandstones and greenish shales 

124 Tan and gray sandstones and thinner beds of greenish shale. Corneous brachi- 
opods and worm tubes at several horizons 

124 Tan and gray sandstones and thinner beds of greenish shale; sandstones 
commonly cross-bedded. Worm tubes in some sandstones and shales, Sco- 
lithes? in lower part 

7 Arkose, limonitic at base 
Definite unconformity at base; no gradation of arkosic clastic sediments of 
Flathead member down through weathered material to fresh granite. How- 
ever, pre-Cambrian weathering extends to maximum depth of 10 feet below 
basal Depass unconformity 
Unconformity reveals pre-Cambrian relief of 30-45 feet; Flathead member 
varies in thickness accordingly 
PreE-CaMBRIAN formations (19), (p€). No attempt is made to correlate them with 

other pre-Cambrian sections 
Black and brown schists, intruded by pink and gray granites 
~ intrusives beveled by erosion surface that is now basal Cambrian uncon- 
ormity 
These pre-Cambrian formations are exposed for 4 mile on either side of 
Boysen Dam along the Boysen fault, and extend northward into the canyon 
as a diminishing wedge of outcrop. Between the canyon and Birdseye Pass 
on the east, a fork of Cottonwood Creek has cut back across the Boysen 
fault and exposed the black pre-Cambrian of the upthrown side of the fault. 
In the Birdseye Pass region the pre-Cambrian crops out also along the up- 
thrown block of the Boysen fault, and spreads out as the main mass of Copper 
Mountain. The fault is lost in this area of pre-Cambrian rocks 
In the canyon south of Boysen are two small outcrops exposed in upthrown 
sides of faults; both have been tunnelled by the C. B. & Q. Railroad construc- 
tion 
Much of the pre-Cambrian has been pitted with the barren prospect holes 
of gold-seekers 


STRUCTURE 
STRUCTURAL SUBDIVISIONS 
The tectonic data presented in Figure 4 have been selected from 
the general geologic map of the Wind River Canyon area (Fig. 5) so 
as to emphasize and clarify the grouping of the structural features in 
this region of inter-basin deformation. 
The pattern of the faults and flexures shown in Figure 4 suggests 
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a genetic grouping of these features on either side of the Boysen fault. 
North of that east-west fault the structural features present are typ- 
ical of the Bighorn Basin region, and the Boysen fault scarp is to be 
regarded as forming the present southern rim of that basin. Directly 
south of this topographic basin rim lies a zone of complex faulting 
within which the dominant structural strike is east-west—with a north- 
east-southwest trend (not normal for the Central Rockies) also evi- 
dent. Most of these fractures are secondary, high-angle normal faults 
of less than 500 feet displacement, but at the south entrance to the 
canyon major (primary) thrust faults are visible that bring Cambrian 
formations over those of Upper Cretaceous age. 

Toward the south this whole zone of faulting passes beneath the 
Wind River formation of Eocene age which consists of coarse and fine 
clastic sediments that dip southward at angles of not more than 16°. 
These dips are wholly or mainly primary, and the formation overlaps 
across the beds deformed by the Laramide orogeny. This area of over- 
lap is designated as the Wind River Basin border area in Figure 4, 
whereas those on the north are termed the faulted zone and the dip- 
slope area. 

Thus there are three distinct genetic units in the area (Figs. 4 
and 13) which may be defined as follows. 

Unit 1. Dip-slope area.—This refers to the southern rim of the Big- 
horn Basin, and extends as far south as the Boysen fault. 

Unit 2. Faulted zone.—This zone includes the fractured belt lying 
between the Boysen fault and the overlap of the Wind River forma- 
tion. (It should be visualized as extending southward under the Wind 
River formation for a moderate distance.) 

Unit 3. Wind River Basin border area.—This area is covered by 
the residual sediments deposited along the south flank of the newly 
built Laramide Mountains. These may have overlapped upon Unit 
1 as well as upon Unit 2. 

Unit 3 is described first in order to clear the way for the other 
two orogenically significant parts of the region. It is the “‘nuisance 
formation” in that it covers much of the desired tectonic data of the 
faulted zone. 


UNIT 3: WIND RIVER BASIN BORDER AREA 


The relationship of this area to the region investigated is shown 
in Figures 4, 5, and 13. In brief the basin border area is the uneroded 
sedimentary overlap of the Wind River formation that has buried 
the lower slopes of a pre-existent mountain range. 
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The deformation of the Wind River formation is slight. None of 
the faults in the faulted zone or dip-slope area offsets the strata of 
this overlapping formation; consequently, the deformation of the 
mountain area was finished before the visible Wind River sediments 
were deposited. 

Strike and dip measurements on Wind River strata (Figs. 4 and 5) 
show close parallelism to the attitude of the exhumed pre-Eocene 
mountain topographic surfaces, though dip readings for the Wind 
River strata are less steep, and vary between 8° and 16°. Thus the 


Fic. 7.—Airplane view of north portal of Wind River Canyon. Upper limestones of 
Phosphoria formation underlie stripped dip-slope surface. Camera faces south. _ 


Wind River deposits filled much of the basin at the south and buried 
and preserved the topographic contour of the lower levels of the 
Laramide mountain slopes. Present erosion is stripping the Eocene 
sediments from that topography along the edge of the Wind River 
Basin border area. 

Slight anticlinal and synclinal warps in the Wind River strata 
exist a mile or more from the mountain front, but no strong folds, 
no thrust faults, and no normal faults with displacements greater 
than 5 feet have been found in the Wind River beds in this area. 
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UNIT I: DIP-SLOPE AREA 


A broad impression of the relatively simple structural deformation 
in the dip-slope area may be gained from Figures 1, 7, and 8. As shown 
by these photographs, the surface is truly a dip-slope (developed on 
resistant upper Phosphoria limestones), and topographic irregularities 
are commonly the direct reflection of structural features. _ 


Fic. 8.—View northward down Wind River Canyon. Continuity 
of structure across river is obvious. 


In the immediate vicinity of the canyon the average direction of 
dip is a few degrees west of north. In the first 2 miles inside the canyon 
from the north the angle of dip may be as high as 9°; farther from the 
entrance, it is in few places more than 4°. This change in dip is indi- 
cated in Figure 4 as the northern crest of slight flexure. Two asym- 
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metric folds in the Phosphoria formation are found near the north 
entrance of the canyon; one, the prominent Red Canyon anticline 
(Fig. 4), meets the other, the monoclinal Buffalo Creek Canyon 
flexure at right angles through the aforementioned crest of slight 
flexure. The Buffalo Creek Canyon feature continues southward for 
1} miles across the area of diminished regional dips, and dies out 
against another, less obvious, east-west flexure. From this lesser 
arched zone a third asymmetric fold, the Mid-canyon flexure, ex- 


Fic. 9.—Boysen fault at Boysen in Wind River Canyon. View looking eastward. 


tends southward on the west side of the river—paralleling the Buffalo 
Creek Canyon flexure in all essential respects; assumably it is expres- 
sive of the northward (subsurface) continuation of the High Peak 
thrust, mentioned in the next paragraph. 

Erosion has cut away the southern extension of the steeper limb 
of the Mid-canyon flexure. South of it is the highest peak in the area 
(Boysen Point, Fig. 1), which is underlain by the Tensleep sandstone. 
Between Boysen Point and Boysen Dam in the canyon below are 
found several low-angle thrust faults, the most significant of which 
are indicated on Figure 4. The High Peak thrust has placed basal 
Tensleep beds in mechanical contact with the lower limestones of the 
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Phosphoria formation; traced laterally, the fault plane disappears 
by distributive bedding-plane movement in the shales of the underly- 


- ing Amsden formation. The northward subsurface continuation of 


this fault is apparently indicated by the Mid-canyon flexure in the 
superjacent Phosphoria beds. 


Fic. 10.—Structures typical of dip-slope area. Low-angle thrusts and asymmetrical 
fen) in competent sedimentary formations. Camera faces east by north. (See 
ig. 11 


Similar thrusts of a few feet displacement are found in the com- 
petent formations on the north flanks of each of the slight flexure 
zones. In the thinner, though competent, limestone section of the 
Maurice member of the Boysen formation small asymmetric anti- 
clines are also present within 3 miles of the Boysen fault. These 
features are too small to be shown on the maps. Figure g illustrates 
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one of these lesser anticlines beneath the lowest mapped thrust fault 
northwest of Boysen. 

The Boysen fault marks the southern edge of the dip-slope area. 
It is shown from various directions in Figures 9, 11, 12, 13, 14, and 17. 


Fic. 11.—Boysen fault. Inner gorge of Wind River Canyon is cut through pre- 
Cambrian formations in upthrown block of fault. Arrow indicates same thrust fault 
shown in Figure ro. Camera faces west. 


UNIT 2: FAULTED ZONE 


General.—A general view of the nature and extent of the faulted 
zone section of the area may be had from Figures 13, 14, and 17. 
Figure 4 shows more clearly its east-west alignment; the Boysen fault 
(Figs. 12, 17, and 18) forms its northern boundary; and the Wind 
River formation overlaps its southern margin. 

Southward overthrusting is found along the southern edge of this 
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Fic. 13.—Air view of faulted zone. Solid line encloses part of region here shown 
| that was mapped for this report. (See Figs. 4 and 5.) Camera faces east. 
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im 

Be Ysen ult 
Fic. 14.—Air view of faulted zone and Wind River at south end of Canyon. Boysen 

fault in left foreground; Wind River formation in right background; south front thrusts 

cross river where Highway 15 swings east. (See Fig. 18.) Camera faces south by east. 


Fic. 16.—Thrust fault in railroad cut at south end of Wind River Canyon. Compare 
with Figure 19, a closer view of same fault plane. Camera faces southeast. 
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faulted zone area of outcrop. Here klippen and fault traces show Cam- 
brian formations overthrust upon Jurassic and older strata, and ad- 
jacent Cretaceous (and Paleocene?) sediments have been intensely 
deformed (Figs. 15, 16, 18, 19, 20, and 21). The main part of the zone 
is crossed by a great number of east-west and northeast-southwest 
high-angle faults with stratigraphic displacements of less than 500 
feet. Tear faults extend back northward and northeastward from the 
south front thrusts (Figs. 4, 5, and 6) and divide the zone into more 
or less distinct sections. Northward back-thrusting, with less than 200 
feet of movement along the fault planes, is present just north of the 
south front thrusts. 

Section AA’ (Fig. 6) is reconstructed from evidence obtained 
from the west side of the Wind River Canyon. Photographs (Figs. 
17 and 18) were taken to aid in visualizing the structural conditions 
shown in this section, and Figures 9, 11, and 12 also show that the 
Boysen fault has a 40° hade and brings pre-Cambrian rocks into 
contact with the Pennsylvanian Tensleep formation. It is a normal 
fault—notable, however, for the fact that the relatively downthrown 
Depass, Boysen, Bighorn, and Madison formations curve down into 
the fault plane; that is, the drag they manifest is in a direction op- 
posite to that ordinarily exhibited by a downdropped block. Exam- 
ining Figure 17 from north to south, one sees tilted blocks bounded 
by normal faults of small displacement; a horst; then a north-tilted 
graben (the angle and perspective of the photograph makes it appear 
vertical; see also section AA’ on Fig. 6), followed by strata that 
dip away from the camera. 

An X is marked on the Bighorn cliff at the end of the line of sec- 
tion, and that point is indicated on Figure 18. 

Figure 19 (and section AA’ in Fig. 15) shows the south-dipping 
Cambrian (€d and €) and Ordovician (0d) strata (the Bighorn cut 
by a small reverse thrust) and the brecciated Madison limestone (Cm) 
in mechanical contact with Amsden and Tensleep rocks that also dip 
southward. Near the edge of the picture, the Tensleep is in turn over- 
thrust upon intensely deformed Jurassic (?) and Cretaceous sediments 
(see also right foreground of Fig. 21). The continuation of the 
faulted zone is obscured from this point southward by the overlap of 
the undisturbed Wind River formation. 

Section AA’, just described, contains the typical elements to be 
seen in any north-south section across the faulted zone. Section BB’ 
(Fig. 6) may appear to refute this statement unless it is realized that 
many of the faults are not continuous for more than 23 miles, and that 
most faults in this zone die out or meet another fault within that 
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distance. The horst feature is commonly present between the south 
front thrusts and the Boysen fault, making apparent the lift of the 
medial part of the faulted zone relative to the margins. Most faults 
north of the horsts are subparallei to the Boysen fault in strike, dip, 
and direction of movement; south of the horsts there may be minor 
high- and low-angle reverse faults, normal faults, and major over- 
thrusts. 

Thus, from north to south in the vertical plane, there are certain 
ever-present features: the Boysen fault; sympathetic little-Boysen 
faults; a medial elevated area, commonly consisting of a horst with 
a steeper fault bounding it on the south; and a heterogeneous zone 
in which are found the south front thrusts. 

Boysen fault-—The Boysen fault itself (Figs. 9, 11, and 12) is the 
most strikingly visible single feature in the area. It trends nearly east- 
west (N. 80° W. in the canyon) for more than 1o miles (Figs. 2, 4, 
and 5), hades 40° to the (relatively) downthrown block on the south, 
and has a maximum observed stratigraphic displacement of 2,500 
feet 3 miles east of Boysen (the pre-Cambrian there being against 
the Phosphoria formation). The Boysen fault dies out gradually at its 
west end, and is lost in the pre-Cambrian exposures of Copper Moun- 
tain at its eastern end—though it continues to be traceable for some 
distance farther on airplane photographs. The throw of the fault may 
be greatest east of the point of observed maximum displacement; 
unfortunately, as erosion has removed the Cambrian and later strata 
from the lifted block on the north, and all but the Cambrian forma- 
tions from the dropped block, reference data for determining throw 
cease to be available. Where erosion has cut deeply along the fault 
plane (Figs. 5 and 6) it can be seen that the strata of the relatively 
downthrown block dip into the fault plane instead of away from it. 
Lesser faults of the faulted zone (many of which terminate against the 
Boysen fault) characteristically swing from a northeast-southwest 
strike to an east-west trend where followed away from the Boysen 
fault. 

Major thrusts.—Along the southern exposed margin of the faulted 
zone is the great south front thrust fault, or group of overthrusts 
(Figs. 18, 19, 20, and 21). The stratigraphic displacement of these 
thrusts is at a maximum near the canyon and decreases as they are 
followed eastward from the A A’ sections (Figs. 6 and 15). West of the 
river the lower exposed thrust plane passes above Upper Cretaceous 
sediments, whereas east of the river the thrusts cut across the tilted 
Triassic. In the railroad cut (Figs. 16 and 19) the soft gypsum mem- 
ber of the Chugwater formation lies directly beneath the thrust plane. 


| 4 
| 
4 
. 


1474 JOHN R. FANSHAWE 


Fic. 18.—South front thrusts, associated structures, and overlap of 
Wind River formation at south entrance of Wind River Canyon. 


Fic. 19.—Details along thrust plane in railroad cut at south entrance of canyon. 
Compare Figure 16. This railroad cut is shown in Figure 20 at the extreme left of 
picture. 

Still farther east, in section EE’ (Fig. 15) the Boysen formation is in 
contact with the Tensleep; in section BB’ (Fig. 6) the stratigraphic 
throw has diminished, so that Boysen is against Madison, The thrust 
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then swings northeast as a high-angle fracture, even though typical 
faulted zone structure persists into the Birdseye Pass valley area. 
At the point where the Birdseye Creek road enters the mountains on 
the south (Fig. 5), the Madison formation is brecciated—suggesting 
the probability of another major thrust fault at slight depth below the 
surface. 

The thrust movement along the south front fault is intricate. 
In the railroad cut at the south end of the canyon (Figs. 16 and 19) it 
can be seen that each of the more competent members of the Cam- 
brian section has been shoved against the one normally above it, in- 
volving much minor folding and thrusting, and this Cambrian com- 
plex has in turn been thrust against larger and more resistant blocks 
of the Bighorn-Madison competent unit. This imbricated material is 
at the base of the observed overthrust mass (Figs. 20 and 21). 

The south front thrusts are interrupted by tear faults. The nature 
of the tears is best seen at the south end of the canyon (mapped in 
detail in Fig. 13) which is one of the few places where the strata on 
either side of the river do not match. In the railroad cut east of the 
river, and in the hills east of the highway (Figs. 19 and 20) a deeper 
part of the thrust plane is exposed than is visible on the west river 
bank (Fig. 15). This is due to a tear, or split, in the overthrust mass 
as the eastern part rode higher than the western as both moved south. 
This tear, or split, swings around toward the northeast and becomes a 
normal fault, hading to the downthrown block on the outside of the arc 
(toward the northwest). This set of relationships is repeated at least 
twice as the trace of the thrust is followed eastward (Figs. 4, 5,6,and 15). 

The presence of a pre-Cambrian exposure extending south of the 
east end of the Boysen fault is probably due to the presence of a 
tear fault of similar character, but so much is covered by the over- 
lap of the Wind River formation in this locality that proof is not 
available. Reconnaissance east of the mapped area shows that north- 
south faults ordinarily have the east side of the fracture either lifted 
or moved farther south than the west side. 

Lower thrusts —The region south of and beneath the south front 
thrusts offers poor exposures; however, from it may be gained some 
evidence that more thrust faults are covered by the Wind River 
formation. In particular, the area near the U. S. Coast and Geodetic 
Survey elevation Bench Mark is significant (Fig. 5 and section CC’ in 
Fig. 15), as southward thrusting, and overturning of the Jurassic 
section, have taken place, with the Chugwater composing the up- 
thrown block. The check of further observations is prevented by the 
blanket of Wind River sediments. 
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Relationships not present.—Finally, it may be pointed out that cer- 
tain relationships do not exist within the observed limits of the 
faulted zone. The general east-west structural alignment is inter- 
rupted by faults trending northeast-southwest and faults or shear 
zones trending north-south, but there is no indication that any fault 
has offset a previous set of faults; instead, similar kinds of faults are 
found in each north-south sector. Normal faulting of the thrust planes 
might be expected (and may be present) but has not been recognized; 


Fic. 20.—Mountain front at south end of Wind River Canyon. Trace of thrust 
planes is indicated by dashed lines; dotted lines show formational boundaries. Sections 
CC’, DD’, and EE’ (Fig. 15) cross background area. 


instead, there is minor back-thrusting in the overriding block. Thrust 
faults, usually attributed to compressional forces, and high-angle 
faults that are ordinarily attributed to crustal tension, occur together 
in the faulted zone—definitely suggesting that they have been respec- 
tively primary and secondary products of the operation of one set of 
deforming forces. 


DATING OF OROGENIC MOVEMENTS 


In the western part of the mountains flanking the Wind River 
Basin on the north, Love (27) has found indication of three main 
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episodes of crustal shortening: (1) in post-Montana-pre-Paleocene 
time; (2) during post-Paleocene time; and (3) near the close of the 
late Lower Eocene. He finds localized deformation of lesser magnitude 
during the close of the Middle Eocene, during the close of the Upper 
Eocene, and in post-Oligocene time—which last phase he states may 
possibly be associated with the intrusion of igneous rocks. 

Hewett (22, p. 68) has shown that folding preceded the deposition 


Fic. 21.—Two views of same klippe, to illustrate details of structural deformation 
along southern exposed margin of faulted zone. Wind River in middle distance. Section 
CC’ (Fig. 15) is drawn across klippe here illustrated. Position of artesian well will serve 
to orient er. 


of the basal Fort Union beds in the southwestern border area of the 
Bighorn Basin; that strong folding of post-Fort Union-pre-Wasatch 
age occurred; and that localized folding of slightly later date may 
have occurred there. 

Dating evidence as yet available in the Wind River Canyon area 
is meager. Along the south front of the mountains where southward 
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overthrusting took place, the youngest exposed formations involved 
in the Laramide compression include strata of Upper Cretaceous age. 
The almost undisturbed Wind River formation of Eocene age irregu- 
larly overlaps the truncated edges of the earlier deformed sediments. 
Latest Cretaceous and Fort Union formations have not been recog- 
nized in the small outcrop areas where they might be expected to 
occur. The blanketing Wind River formation along the mountain 
front is a coarse facies (not a basal conglomerate) that belongs some- 
where in Wind River time. There is, at least, indication that the 
Laramide stresses had ceased to operate during Wind River time, as 
the dips in the exposed Wind River formation reflect the slopes of 
the underlying mountain topography and none of the faults of the 


mountain complex has been observed to affect the Wind River forma- _ 


tion. In terms of local evidence, therefore, it is not possible to bracket 
definitely the time of orogenic disturbance any closer than pre-late 
Wind River and post-mid-Upper Cretaceous. 

The work of C. Max Bauer in the Wind River Basin (3) may be 
referred to for evidence on the timing of Laramide movements while 
the deformation of the mountains was progressing. Bauer states in 
this connection: ‘‘Wherever observed in this area, the Fort Union 
formation has been deformed with the underlying Cretaceous. The 
Wind River formation is less intensely folded . . .” The post-Fort 
Union folding is considered the result of Laramide compression, and 
the post-Wind River folding is attributed to a renewal of the orogenic 
movements. 

From the foregoing evidence, the major time of compression in 
the Wind River Canyon area is correlated by the writer with the 
unconformity above the Fort Union formation. As mentioned later, 
the writer also believes that the dips in the Wind River formation 
along the north edge of the basin reflect the slopes of the buried moun- 
tain topography, and suggest compaction and regional warping as 
their direct cause—rather than a renewal of the Laramide compressive 
stresses. 

Provisionally, then, the orogenic movements in the Wind River 
Canyon area are considered as occurring chiefly at the close of Fort 
Union time, with minor movements recurring before or during the 
earlier part of Wind River time. The structures developed in the 
Wind River Canyon area belong to a phase (or phases) of crustal 
compression that could not have continued later than the beginning 
of deposition of those Wind River sediments that now visibly overlap 
the south front of the Owl Creek-Bridger Mountains. 
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NATURE AND DIRECTION OF LARAMIDE DEFORMATIONAL MOVEMENTS 


Inter-basin movements.—Orogenic deformation does not affect the 
visible sediments of the Wind River formation; thus, Laramide de- 
formational features are to be found only north of (or beneath) the 
Wind River overlap in the Wind River Basin border area (Fig. 4). 

Appreciation of the magnitude of the vertical differential move- 
ment in the region may be gained by using the basal Cambrian uncon- 
formity as a reference plane. The top of the pre-Cambrian is exposed 
in the upthrown block of the Boysen fault in the canyon at an eleva- 
tion of approximately 5,300 feet above sea-level (Figs. 9 and 11). At 
the south there are two pre-Cambrian outcrops (Figs. 4 and 5), the 
surfaces of which are slightly less than 4,750 feet above sea-level. 
At the south end of the canyon, less than a mile from the nearest pre- 
Cambrian exposure, folded Upper Cretaceous formations are found 
(Figs. 15, 18, and 20). The axis of the Wind River Basin lies close to 
its northern margin, and a short distance south of the mountains, 
and within this trough there is estimated to be 15,000 feet of section 
below the Wind River formation, and above the basal Cambrian un- 
conformity (Tables I and II, and Fig. 5). Thus a vertical differential 
of approximately 16,000 feet has been brought about in consequence 
of, and in intimate association with, the overthrusting. 

Considering the geometry of the observed surface structures, and 
the 16,000 feet of vertical differential postulated, the horizontal com- 
ponent of the southward movement for the overthrust block is esti- 
mated at about 6 miles. Section A A’ (Fig. 6) is a north-south structural 
section extending across the entire length of the area, to illustrate the 
nature of this deformation. 

For the overthrust materials, the chief direction of movement in 
the horizontal plane is clearly southward. That the movement was 
of greater extent than can now be measured is indicated by the eroded 
front of the klippen south of the main fault trace east of the river 
(Figs. 15 and 21). 

Southward thrusting along planes of movement beneath and 
south of the exposed southern margins of the faulted zone must also 
be postulated. For example, the south end of section CC’ (Fig. 15) 
shows minor thrusting a half mile south of the better exposed south 
front thrusts. A comparison of sections AA’ and BB’ across the 
faulted zone in Figure 5 shows that the south front thrusts of section 
AA’ are represented by a single, higher, thrust plane of less displace- 
ment in section BB’, whereas the Madison outcrops south of the thrust 
on section BB’ indicate an essential continuation of the total amount 
of vertical differential movement—which can be accounted for in 
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cross section only by assumption of a second major, northward-dip- 
ping, thrust plane beneath this outcrop. Brecciation of the Madison 
limestones at the south entrance to the Birdseye Creek valley, and 
the southern extension of pre-Cambrian outcrop on the east side of 
this valley, constitute contributory evidence that the entire faulted 
zone is underlain by one or more major, north-dipping, thrust faults. 

Across any north-south sector of the faulted zone a medial lift 
relative to the margins is evident. The casual impression is received 
that the zone is a faulted anticline—actually there is little or no fold- 
ing present. The high-angle normal faults bound blocks of tilted strata 
and are ordinarily the continuous expression of fracture planes in the 
subjacent crystallines (best illustrated in Fig. 17). 

The minor reverse faults in the faulted zone are direct or secondary 
consequences of the major overthrusting, and throw in opposite direc- 
tion. Figure 18 shows one such minor thrust in the Bighorn formation 
that may be attributed to back-bulging of the overridden strata. These 
minor thrust faults are due to such bulging of the overridden sedi- 
ments beneath the thrust sole, and thus occur only as far north of the 
present major overthrust traces as the southern margin of the crystal- 
lines in the overthrust plate permits. 

The Boysen fault is a key item in the interpretation of the orogenic 
sequence of events. It is a big feature (Figs. 9, 11, and 12), nearly 
straight for more than 1o miles, and constitutes a definite boundary 
between areas that are structurally dissimilar. As previously stated, 
the fault hades to the downthrown block on the south, yet the ob- 
served drag phenomena in the strata of the downthrown block indi- 
cate a reversed movement. Faults adjacent to it on the south strike 
either parallel with it or approach a northeast-southwest trend, and 
the downdropped block of each fault plane is on its southern side. 
The outcrop pattern of these faults suggests a tendency for the up- 
thrown block of the Boysen fault to have moved eastward as well 
as relatively upward. 

Renewal of effective north-south compression after the Boysen 
fault had been formed apparently must be appealed to to account for 
the reversed-drag phenomena noted (Fig. 22). 

The Boysen fault, then, is interpreted as a moderate-angle fault 
(dip of 50°) that developed late in the orogenic growth of the region. 
It was brought about after compressional forces were largely dissi- 
pated by overthrust movements. The upward bulge of the stump of 
the pre-thrust Bridger-Owl Creek anticline continued to lift the rear 
part of the overthrusting mass, eventually resulting in the upfaulting 
of this rear part, relative to the broken-up toe of the overthrust— 
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which now lies south of the Boysen fault. The upthrown block of the 
Boysen fault would thus be taken to mark the southernmost part of 
the overthrust material that was elevated by further growth of the 
original anticline, whereas the area south of the Boysen fault, desig- 
nated as the faulted zone in Figure 4, is the broken-off toe of the 
overthrust, which had pushed southward beyond the axis of the 
original anticline, and hence was not lifted by the further lift of this 
fold as it was further compressed after rupture. 

As already stated, there was renewed or continued crustal com- 
pression during and after the formation of the Boysen fault. The 
amount of such movement is open to question, and the mechanics in- 
volved can be stated in terms of at least three alternative possibilities 
(Fig. 22, stages 4, 5A, and 5B). In any case this final phase was defi- 
nitely a minor one. 

1. The first of these (see Fig. 22, stage 4) is that the final com- 
pression was effective only to the extent that it caused an apparent 
reverse drag along the Boysen fault, and adjustment at depth was 
made possible by the flowage of the incompetent sediments beneath 
the interrupted thrust plane or planes. 

2. The second mechanical interpretation which can be offered 
(Fig. 22, stage 5A) is that the unexposed basal northward-dipping 
thrust plane was offset by the Boysen fault; renewed crustal shorten- 
ing took place as a new upper continuation of the interrupted fault 
plane developed across the downdropped toe of the thrust mass, re- 
sulting in the south front thrusts. 

3. The third explanation (Fig. 22, stage 5B) is that the south 
front thrusts (or possibly deeper planes of movement) were the sur- 
face expressions of the main plane of overthrusting which was offset 
by the Boysen fault. Due to the highly competent nature of the pre- 
Cambrian rocks underlying most of this part of the faulted zone, 
the renewed compression was transmitted by this unit and a lower 
(“sole”) thrust plane developed across the distorted underlying in- 
competent formations, allowing the previously formed faults that are 
now visible in the broken-off toe of the thrust mass to ride forward 
relatively unmodified. This interpretation was accepted by the writer 
in the construction of section AA’ (Fig. 6). 

Regardless of the postulate, the entire faulted zone, plus part 
of the southern margin of the dip-slope area, has been overthrust 
southward. 

Intra-basin movements.—The flexures and faults observed in the 
dip-slope area (Fig. 4) belong genetically within the Bighorn Basin 
and are the products of basin mechanics. They are related to the 
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Fic. 22.—Stages in structural development of Wind River Canyon area. Contemporaneous erosion and accompany- 
ing basin-mechanics developments are omitted. 

Section 1 shows late Cretaceous asymmetry and probable position of Fort Union formation of Paleocene age. 

Sections 2 to 5A (or 5B) indicate tectonic stages involved in structural growth of region as a result of ide 
compressive forces. Time represented is post-Fort Union to pre-late Wind River. 

ostulates 1, 2, and 3 on page 1481 are illustrated by sections 4, 5A, and 5B, respectively. Sequence is drawn to lead 

directly to conditions shown in section 5A. From section 4, postulate 1 may be arrived at by effective compression along 
Boysen fault that is taken up by distributive movements in underlying overridden material. 
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faulted zone structures only in so far as the latter served to increase 
the differential depression of the central part of the Bighorn Basin 
relative to its southern margin. 

“Basin mechanics” is an expression coined by Thom (35, p. 110) 
to apply to the formation of near-surface thrusts and superjacent 
asymmetric folds in consequence of the flexing into basin form of 
massive, competent, rock units either devoid of bedding planes, or 
lacking enough bedding to permit easy and well distributed bed- 
ding-gliding of successively higher layers toward the rims as a basin 
depression developed in consequence of general regional compres- 
sion. 

The nature and distribution of the ramp-like features produced 
by such flexing of the unbedded basement rocks into basin form has 
been described in the Guidebook of the Bighorn Basin-Yellowstone 
Valley Structural Field Conference of 1937 (see also Fig. 2), and some 
of the typical asymmetric anticlines ringing the Bighorn Basin are 
surface reflections of such ramp-like thrusts in the basement rocks 
beneath. The exposures in the Wind River Canyon also suffice to 
show that the relatively unbedded and competent limestone units 
in the local Paleozoic section (see Table IT) also lack sufficient facility 
for distributive bedding-plane gliding when flexed and consequently 
develop outwardly directed low-angle thrust faults and asymmetric 
anticlines with overthrusting or overturning away from the basin 
(Fig. 6, AA’, and Fig. 1o)—whereas the thinner-bedded shales de- 
velop differential gliding on bedding planes. The faults and folds of 
the limestones consequently die out above and below the competent 
unit by distributed movements in the shales, and are reflected upward 
mainly by passive draping of the less competent and more thinly 
bedded superjacent formations. 

Observed thrust faults in the dip-slope area are consequently 
restricted to the thick competent members of the stratigraphic sec- 
tion. Asymmetric folds (too small to be mapped) are found in the 
100-foot competent (and thinly bedded) limestone unit near the base 
of the Boysen formation (Fig. 10). The mid-canyon flexure (Fig. 4) 
and the Buffalo Creek Canyon flexure typify the asymmetric anti- 
clines of the Bighorn Basin. Red Canyon anticline is a feature of suffi- 
cient magnitude to be compared with Rattlesnake Mountain west of 
Cody (Fig. 2), though its flexing is not as pronounced. That a high- 
angle—or ramp— fault in the basement rocks underlies this particular 
structure seems highly probable. 

If the upward slopes of the gentler limbs of the Red Canyon anti- 
cline and of the Buffalo Creek Canyon flexure represent directions of 
force application, one gets the impression of a pushing outward— 
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as along the rim of a lopsided shovel, the handle of which extends 
into the Bighorn Basin, and the blade of which points into the struc- 
tural sag between the Bridger uplift on the east and the Owl Creek 
uplift on the west (Fig. 2). 

The closer proximity of the Bridger (Copper Mountain) pre- 
Cambrian rocks on the east suggests a steeper slope for the basement 
rocks on that side, and coincidently the steeper limbs of the more 
abrupt monoclinal flexures face in that direction. 

The most reasonable explanation for this series of flexures in the 
dip-slope area is to be found in a concept of basin mechanics within 


East 


Fic. 23.—South front of mountains 3 miles east of Wind River, showing contact 
of Wind River formation with faulted zone. Dips and strikes of Wind River formation 
nearly parallel the slopes of exhumed mountain topography. 
basin mechanics. If a series of discs are depressed in the center and 
lifted along the edges, not only do the higher layers tend to spread 
outward over the lower ones, but the rim also crinkles as the differ- 
ential lift increases. The dip-slope area owes its structural pattern and 
type of deformation to the fact that it is on the trough of one of the 
wrinkles that developed on the edge of the major Bighorn Basin 
structure. Thus, in addition to the main near-surface and outward- 
directed forces operative as a result of the formation of the Bighorn 
Basin, there were local outward forces due to the minor peripheral 
downwarp that developed radially to the basin itself. 
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POST-LARAMIDE DEFORMATION 


Deformation that occurred after the Laramide movements had 
ceased is limited to the slight flexures found in the overlapping Wind 
River formation of the Wind River Basin border area. These sedi- 
ments so consistently parallel the mountain front (Figs. 4, 5, and 23), 
and formerly had so much overburden, that compaction suggests 
itself as the main causal factor for the observed post-Laramide defor- 
mational features, though post-Eocene warping and faulting may 
have contributed in a minor degree. 

Investigations by Athy (1) indicate that initial dips may be in- 
creased by as much as 14° under the probable local overburden condi- 
tions. The Wind River sediments would have had some initial dip 
(up to a probable 5° maximum) sloping away from the mountain 
front. This would have been controlled more by the agents of deposi- 
tion than the topography. The reflection of the topographic irregu- 
larities would have resulted after the overburden had compacted the 
material underlying that which is now exposed along the mountain 
front. 


SIGNIFICANCE OF TECTONIC FEATURES 


The major structural features of the Wind River Canyon area fit 
into the regional tectonic pattern (Fig. 2) as an example of inter-basin 
deformation. The dip-slope area is clearly a part of the Bighorn Basin, 
and the faulted zone represents a former extension of that basin’s 
rim (Fig. 4). The Wind River Canyon area structures are so oriented 
because of the local resolution of regional compressive forces as the 
Bighorn Basin rim was shoved over the margin of the Wind River 
Basin. 

The Boysen fault dies out west of the Wind River Canyon area, 
and farther west the Owl Creek Mountains have been thrust north- 
ward over the edge of the Bighorn Basin. 

By contrast, east of the Wind River Canyon area, along the south 
front of the Bridger range, structures similar to those found in the 
canyon area seem to persist and may well be greater in magnitude of 
displacement. The Wind River formation blankets most of the de- 
formed sediments south of the main Bridger massif, but has been 
stripped from two small islands of pre-Tertiary formations just south 
of the mountain front (Fig. 2). Both are mapped on the State geologic 
surveys as vertical or south-dipping Paleozoics, but a recent recon- 
naissance by the writer (1938) revealed this to be an incomplete and 
inaccurate portrayal. The smaller western island is composed of ver- 
tical formations ranging from Boysen to Cloverly in age (Table I). 
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The eastern island, known locally as “Steffens Hill,” is made up of 
Paleozoic formations that are offset by more than one system of 
faults. It is bounded on the southern margin by exposed pre-Cam- 
brian, overlain by Depass sandstone which dips southward beneath 
the overlapping Wind River beds. Both islands seem to be associated 
with major southward overthrust movements—indicating persistence 
of the situation found in the canyon area. 

The tectonically dominant Bighorn Basin trends northwest- 
southeast, as do most of the structures within it. Its form is roughly 
oval, with an east-west trend evident along the Nye-Bowler linea- 
ment (41) at its northern margin and also along the eastern Owl 
Creek and Bridger mountains at its southern rim. The Wind River 
Canyon area is a section across this southern edge of the basin, where 
the structural trend is east-west, as is emphasized by the Boysen 
fault and the alignment of the faulted zone features, and southward 
overthrusting of 6-mile magnitude took place. 

The particular location of the area on an east-west sector of the 
margin of the Bighorn Basin oval—which was under horizontal com- 
pression during Laramide time—is almost a sufficient explanation 
for the thrusting and east-west structural trends found there. The 
southward (or outward) direction of the overthrusting, however, is 
not the general rule for the Bighorn Basin rim, as may be seenin 
Figure 2. Locally it is presumed that the direction of overthrusting 
reflects a pre-Cambrian weakness control due to abrupt competency 
changes in a horizontal direction, Such competency variations would 
influence the asymmetrical developments when the arching of the 
Wind River Canyon region first began, and might well serve to deter- 
mine the position of initial thrust planes. . 

That competency variations are important in localizing faulting 
is more definitely indicated in the case of the Boysen fault. At Boy- 
sen, incompetent schists are found against the fault plane in the up- 
thrown block, but massive basic crystallines crop out a short distance 
north of the fault-trace (the position of the gully at Boysen in Figures 
g and 11 marks the contact between the schists and the more massive 
crystallines). Gwynne (19) suggests that the position of the fault was 
determined by the local presence of these incompetent rocks. How- 
ever, a mile east of Boysen, where erosion has cut deeply enough to 
expose pre-Cambrian formations in the upthrown block, crystallines 
are found against the plane of movement. 

Local eastward creep of the Bighorn Basin is suggested by the 
trace pattern of the faults that are adjacent to the Boysen fault on 
the south (Fig. 4). Such a creep may be explained in terms of the 
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Bighorn Basin, a dominant regional feature under horizontal com- 
pression during Laramide time, tending to elongate as the squeezing 
emphasized its oval shape. The northwest-southeast trend of the 
basin and most of its included structures reflects greater effective 
compression from the northeast and southwest, and—like a strain 
ellipse—it elongates at right angles to the confining forces. The Wind 
River Canyon area, and especially the Boysen fault, is on the par- 
ticular part of the ova! that would inch eastward. 

The straightness of the Boysen fault is a characteristic common 
to many high-angle fractures in the region (Fig. 2). It is observed to 
have developed across incompetent schists at Boysen, but, if compe- 
tency alone is taken as the causal factor, one is faced with the diffi- 
culty of explaining the rather geometric distribution of abrupt com- 
petency contacts to facilitate the faulting. It is suggested, rather, 
that a definite local competency change serves to initiate the faulting, 
and that—once begun—a sideward force component helps to main- 
tain the straightness of the fracture in spite of competency variations 
along the developing fault plane. Such an explanation recognized the 
dual influence of stratigraphic competency and of differential forces 
set up as a region is being deformed by horizontal compression. The 
principle is understandable for the Boysen fault; it may apply else- 
where in the region. 

Evidence on competency variations controlling the primary low- 
angle overthrusting is not available. The Boysen fault becomes more 
significant as an example of a fault that was partly due to definite 
competency changes in the pre-Cambrian formations—a factor that 
may be of great importance in explaining the development of the 
several “lobe-like thrusts” (Bucher, 9, p. 175) in the central Rocky 
Mountain region. 

Wilson (42, p. 873) has recently re-outlined the pre-Cambrian 
fault and weakness-control explanation for the tectonic growth of the 
central Rocky Mountain region that was originally advanced by 
Thom (8). The weakness-control idea is well supported by the present 
investigations, but the writer finds no evidence in the canyon area 
that would lend support to the postulated presence of pre-existing 
fault planes in the basement rocks, outlining crustal blocks that tilt 
or rotate differently under compressive forces. Most of the thrusting 
in the canyon area preceded the formation of the straight, high-angle 
Boysen fault; the genesis of the Boysen fault was dependent on forces 
that developed as the local thrusting and regional deformation ad- 
vanced. This suggests that pre-Cambrian weakness control rather 
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than fault control, was significant in the area. The forces causing 
other straight high-angle fractures in the Central Rockies may also 
be due to earlier near-by overthrusting that served to set up the requi- 
site differential stresses. 


SUMMARY AND CONCLUSIONS 


In the central Rocky Mountain region, a sub-Cambrian peneplain 
was transgressed by epicontinental seas, with subordinate intervals 
of slight land emergence, until late in the Cretaceous period. Fluvial 
and lake deposits closed the Cretaceous and characterized Paleocene 
and later time, and local orogenic movements were slight until after 
the close of Cretaceous time. 

The crust of the earth responded discontinuously to Laramide 
mountain-building forces, with varying results in each part of the 
region. General outlining of the basin areas took place with the earlier 
phases of the regional compression. This was followed by more in- 
tense phases of the Laramide compression, and the crustal readjust- 
ments by warping, folding and faulting ceased in some localities 
before they did in others. By mid-Eocene time the basin structures 
and their peripheral mountain rims had been formed. Later crustal 
movements, in the main, served to emphasize these structural highs 
and lows. At present, the Bighorn and Wind River basins are partly 
bounded by a relatively narrow rim of more ancient formations that 
stand as mountains by virtue of their greater resistance to erosion. 

From observations in this thesis area (and from Figs. 2 and 4) 
it is clear that the southern part of the Bighorn Basin—locally sym- 
metric in cross section—has been crowded relatively southward, and 
slightly eastward, with respect to the asymmetric Wind River Basin 
during Laramide time, and that this inter-basin competition led to 
the production of the large horizontal and vertical differential offsets 
of the pre-Cambrian basement complex. The south front thrusts de- 
veloped and the toe of the overthrust mass broke off (forming the 
Boysen fault and most of the faulted zone structures) before the 
entire amount of crustal shortening had been completed. Coinci- 
dently, the deepening and decrease in radius of curvature of the Big- 
horn Basin, which occurred as the south rim of the basin was ele- 
vated relative to its center, led to the production of the Red Canyon 
anticline, the crests of slight flexure, the mid-canyon and Buffalo 
Creek Canyon flexures, minor asymmetric flexures in thin-bedded 
competent strata (see also Fig. 10), minor low-angle thrusts in the 
thick-bedded competent stratigraphic units (High Peak thrust, 
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Fig. 4), and a ramp thrust in the basement rocks beneath the Red 
Canyon anticline (cf. Rattlesnake anticline near Cody, section AA’, 
Fig. 2). 

The double character of the main thrust planes (the south front 
thrusts and a deeper plane of movement) that developed as the inter- 
basin mechanical overlap proceeded, furnishes another example to 
indicate that this is not an unusual feature of rim thrusts in the 
general region. Comparison may be made, for instance, with the double 
thrust observable along the east front of the central Bighorns, and 
along the east front of the Beartooth uplift at Red Lodge. 

This study of the Wind River Canyon area has indicated the 
primary and secondary structural features that were due to Laramide 
compression. The nature of the structural features which resulted 
from effective regional compression was largely controlled by the 
make-up of the rock section being deformed. The major regional 
compression was transmitted by the competent basement complex, 
and the major overthrusting was brought about in direct response to 
it; minor, nearer-surface, forces developed secondarily along with, 
and as a result of, the growth of the larger basin feature, and pro- 
duced the intra-basin structures. Significant in this connection are 
the following: the horizontal equality and vertical variations in com- 
petence above the basal Cambrian unconformity (see Table II); the 
dominantly competent basement complex, with competency varia- 
tions not horizontally arranged; the bedded or unbedded character 
of the rock units; and the probability of pre-Laramide lines of weak- 
ness defining and controlling the earlier basin and rim developments 
and influencing the later development of thrusts, folds, and normal 
faults in this inter-basin rim area of crustal deformation. 
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GEOLOGY OF BASIN FIELDS IN 
SOUTHEASTERN ILLINOIS! 


LYNN K. LEE? 
Olney, Illinois 


ABSTRACT 


The Basin fields of southeastern Illinois are so named because of being located near 
the center of the Illinois basin. Production has so far been obtained in Wayne, Clay, 
and Richland counties in a series of fields extending 45 miles in a general north-south 
direction. It is highly improbable that the producing areas will be found to connect. 

Production was discovered in March, and active development was started in May, 
1937. The production from the area to July 1, 1939, was 18,159,275 barrels from 692 
wells. Daily average production at that time was 57 barrels per well. Large initial 
productions are common, and decline is rapid for the first few months. Twenty-acre 
spacing is prevalent. 

Production is from odlitic limestone of the Ste. Genevieve formation (McClosky) 
except in the North Noble field, where it is from the Cypress (Weiler) sandstone, the 
former being in the upper part of the Lower Mississippian and the latter in the lower 
part of the Chester series. 

The Cypress is a widespread sandstone but locally subject to lensing into beds of 
sands and shales. It is believed that Chester sandstone production will become more 
important as development extends northward. The odlitic character of the Ste. Gene- 
vieve is persistent in the area; however, porosity occurs in lenses of variable proportions 
laterally and vertically. Approximately 10 per cent of the holes drilled within the limits 
of production are dry because of lack of porosity in the limestone. Porosity is more per- 
sistent on the structures oo in the synclines. Most of the McClosky porosity is be- 
lieved to be primary in origi 

All except the Flora field a are associated with a general north-south anticline, which 
has a slight southward plunge into the deeper part of the basin. Accumulation has for 
the most part been on local closures along the axis, but some production has been ob- 
tained from noses and terraces on the flanks on the main feature. 

Little is known of the pre-Mississippian structural history. The known period of 
major deformation was post-Mississippian-pre-Pennsylvanian, but subsequent to this 
there was recurrent folding. 

The relation of the contact of the Ste. Genevieve to the overlying Chester is con- 
troversial. However, the data do not indicate an angular unconformity at this contact 
in the deeper part of the basin. 

Small production has been obtained from pre-Mississippian beds on the east and 
west flanks of the basin; however, since no test below the Mississippian has so far been 
drilled on structure in the area under consideration, the possibilities for deeper produc- 
tion are highly speculative. 

INTRODUCTION 


LOCATION 


The area under discussion includes parts of Wayne, Clay, Rich- 
land, and adjacent counties in southeastern Illinois and is approxi- 
mately 75 miles long and 30 miles wide. St. Louis is 130 miles west, 
Chicago 230 miles north, and the old historic Fort at Vincennes, 

1 Read before the Association at Oklahoma City, March 24, 1939, Revised manu- 


script received, August 8, 1939. Published with the permission of Theron Wasson, 
chief geologist, "The Pure Oil Company. 


2 Division geologist, The Pure Oil Company, Box 311. The writer acknowledges 
with gratitude the help of Stewart Cronin and J. G. Mitchell and other members of 
The Pure Oil Company geological staff in assembling the data and preparation of the 
manuscript. 
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Fic. 1.—Map showing pre-Pennsylvanian areal geology. 
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Indiana, is 30 miles east. The main towns of the area are Olney, Flora, 
Fairfield, and Newton, in Richland, Clay, Wayne, and Jasper coun- 
ties, respectively. 

Because the axis of the Illinois basin passes through the counties 
under discussion, the new fields which have been developed in them 
have become known as the Basin fields to distinguish them from the 
old production in eastern Illinois on the LaSalle anticline and from 
the production recently developed in the western part of the state. 
The structure with which this production is associated has been desig- 
nated the Basin anticline. The main fields so far developed are the 
North Aden, near the Wayne-Hamilton County line in T. 2 S., R. 
7 E.; Cisne, Boyleston, and Enterprise, in central Wayne County; 
Clay City, in southern Clay and northern Wayne counties; Noble, 
North Noble, and Olney, in Richland County. There are small pools 
at Flora, Schnell, South Noble, and Aden. The outline of the developed 
part of the fields and pools and the location of the more recent dis- 
coveries, as well as the dry holes in the area, are shown on Figure 1. 
It can be seen that the production, with the exception of Flora, ex- 
tends in a direction slightly east of north and west of south in a belt 
approximately 45 miles long. It is associated with a general anti- 
clinal belt which will be discussed later. 


DEVELOPMENT 


Production was discovered in the area in March, 1937, by two 
wildcats drilled by The Pure Oil Company in what are now the Cisne 
and Clay City fields. These first discoveries were from the Aux Vases 
and the Cypress sandstones, respectively, and the wells were small. 
In May of that year the same company discovered relatively large 
production in the Clay City field from the ““McClosky” limestone of 
the Ste. Genevieve formation. Development has progressed steadily 
since that time, most of the production being obtained from the 
McClosky with the exception of the Cypress production in the North 
Noble field. To July, 1939, 692 producing wells had been completed 
from which 18,159,275 barrels had been produced. At that time the 
daily production was 57 barrels per well. There have been approxi- 
mately 14,200 acres proved productive to date. Production data of 
the various fields are shown in Table I. 

In the McClosky initial productions have been as large as 2,800 
barrels, the average for all producers being approximately 500 barrels. 
Average production declines are on the order of 30-35 per cent per 
month for the first 6 or 8 months, most of the wells having to be 
pumped within 4-8 months after completion. The decline is, of course, 
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less after this period, but there are not sufficient data to permit accu- 
rate extrapolations as yet. Initial productions from the Cypress sand 
in the North Noble field average approximately 200 barrels. The pro- 
duction decline of these wells is much smaller than in the McClosky 
wells, but this production is too new to permit any definite statement 
at this time. 


TABLE I 
Propuction DartA AS OF JULY 1, 1939 
Average 
: Number! Devel- Pay | Accumulated | Present 
Name Discovery Date Leste oped Thick- | Production Prod: Sons 
Acres ness Barrels 

Wells (Feet) (Barrels) 

pA City March 1937 203 6,200 12 8,647,144 22,247 
Cisn March. 10937 4s 1,020 10 1,372,884 2,457 
Noble uly 1937 162* 2,920 10 5,495,573 2,257 
— ebruary 1938 31 470 7 562,053 744 
Son Noble February 1938 10 440 5 159,002 350 
North Aden and Aden| May 1938 48 940 12 818, 486 2,052 
Schnell une 1938 4 180 5 III,920 129 
Flora une 1938 Ir 200 7 144,026 503 
August 1938 2 5° 7 29,024 113 

North Noble October 10938 37 540 20t 314,328 1,873 
Boyleston December 1938 Ir 300 7 36,176 530 
Enterprise eed 1939 24 780 10 306,405 4,776 
Barnhill ebruary 1939 160 12 72,581 1,511 
Miscellaneous 8 87,774 122 
Total | 692 | 14,200 18,159,275 | 30,664 

* Includes 
t Cypress (Weiler) sand. 


The first few wells in the Clay City field and the majority of the 
wells in the North Aden field were drilled on 10-acre spacing, but all 
other McClosky development has been on 20-acre spacing. The Cy- 
press sand is being developed on 1o-acre spacing. 


STRATIGRAPHY 

PENNSYLVANIAN 
The Pennsylvanian is encountered below a thin veneer of Pleisto- 
cene and ranges from 2,000 to 2,300 feet thick. No detailed work has 
been done on the subsurface Pennsylvanian in this area, consequently 
it is impossible to subdivide it into its component parts. The section 
is mostly sandstone and shale with minor amounts of limestones and 
coals. All of the beds appear to be lenticular, and routine examination 
of samples has disclosed few markers which can be identified over 
broad areas. The most reliable marker so far found is a zone of lime- 
stone, black shale, and coals, which is found between 1,300 and 1,400 
feet at Clay City and Noble. At its maximum development it is ap- 
proximately 150 feet thick; however, the limestone and black shales 
grade laterally into sandstones and gray shales, and in many places 
the zone is less than 50 feet thick. This is probably in the lower part of 

the Carbondale immediately overlying the Pottsville sandstone. 
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Fic. 2.—Graphic section and lithology of Chester and Ste. Genevieve. 
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According to Newton and Weller® the Upper Pennsylvanian crops 
out in Jasper and Richland counties. These same rocks probably also 
occupy the greater part of Clay and Wayne counties. 

The base of the Pennsylvanian is placed where the sands lose 
their micaceous and sideritic characteristics and/or where the shales 
cease to be micaceous, carbonaceous, and granular, and become com- 
pact, splintery and “soapy.” There is an unconformable contact be- 
tween the Pennsylvanian and the underlying Chester rocks, and the 
former overlaps the latter section from the upper Kinkaid to the 
Menard in the area under discussion. As can be seen in Figure 1, this 
overlap is in general from south to north; however, the Basin anti- 
clinal belt is reflected in the pre-Pennsylvanian areal geology by an 
interruption of this normal overlap. 


CHESTER 


The Chester rocks of the area consist of a number of limestones, 
shales, and sandstones. The limestones, which are well developed, 
make good horizon markers. Figure 2 shows an idealized log for the 
area as correlated with the measured section in Hardin County as 
given by Weller.‘ The principal lithologic characteristics of the vari- 
ous Chester beds also are shown. It can be seen that the subsurface 
section correlates well with the surface section except for the basal 
formation of the Chester, about which more .will be said later. A 
detailed discussion of all of these beds is not within the scope of this 
paper; however, some of the more important horizons will be dis- 
cussed. 

The Glen Dean formation contains a limestone 20-30 feet thick, 
which is commonly used as a contour horizon for subsurface mapping. 
This limestone has an advantage for this purpose over the other 
Chester limestones for several reasons: it is far enough below the top 
of the Chester to be present under a large part of the Illinois basin 
without interference by the Pennsylvanian unconformity; it is ap- 
proximately 200 feet above the Cypress, which permits its use in con- 
nection with the drilling of Cypress sand wells; and it is lithologically 
distinct from most of the other Chester limestones. In general the 
Glen Dean limestone is light brown to gray, crystalline, very fossilif- 
erous, and odlitic. Thin limestone beds are sometimes present in the 
upper part of the formation which cause some confusion in identifying 
the main limestone; however, it generally can be identified quite satis- 
factorily. 

* Wm. A. Newton and J. Marvin Weller, “Stratigraphic Studies of Pennsylvanian 
Outcrops in Part of Southeastern Illinois,’’ Illinois State Geol. Survey Rept. Investig. 45. 

* Stuart Weller, “The Geology of Hardin County,”’ IMinois State Geol. Survey Bull. 
41. 
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The Cypress sandstone is the uppermost producing zone so far 
drilled in the area. The top of it is defined as being the base of the 
lower Golconda limestone because of the variability in the lithology 
of the Cypress. While this formation is often a massive sandstone 
with a thickness ranging from 120 to 175 feet, it is capable of grading 
laterally into beds of sandstones and shales, and the upper half has 
been known to become entirely shale. These gradations occur in 
very short distances and are shown both by the samples and electric 
logs. Because of this situation, it has become common practice to call 
the top of the porous sandstone phase the “Weiler” sand to differ- 
entiate this from the true top of the Cypress formation. This name 
was adopted from the discovery well in the Clay City field on the Weil- 
er farm, which produced from this sandstone. 

Showings of oil in this sandstone are common along the Basin 
anticline; however, the North Noble field is the only area producing 
from it, the original well at Clay City having been deepened to the 
McClosky. In the North Noble field 20-30 feet of shale is present be- 
low the basal Golconda limestone, which is followed by the oil-pro- 
ducing sand with a thickness varying from 6 to 33 feet. The producing 
sand is separated from the massive sand body below by approximately 
20 feet of green shale which contains thin non-porous, sandy shale 
partings. The producing sand thickens and thins inversely with the 
shale above it. It is probable that this upper sandstone will not be 
found in part of the North Noble field, and in other parts all of the 
shale may disappear, making the section all sand. There is no bottom 
water in the lens in which the present wells are producing, and present 
development has not shown edge water. The lower sand has contained 
water in the three wells so far drilled to it, but showings of oil in the 
top suggest that it may produce when found higher on structure. 

Permeabilities in the upper sand vary between 10 and 600, prob- 
ably averaging 300 millidarcys, and the lower sand has up to 3,000 
millidarcys. Average porosity is on the order of 20 per cent. 

The Bethel or Benoist sand is 370-400 feet below the Glen Dean 
limestone. The thickness of this sandstone varies from 20 to 70 feet 
along the Basin anticline and apparently thickens from south to 
north. In general it is a fine to medium-grained, angular, fairly well 
calcareous-cemented sandstone. Large production is obtained from 
this sand in the Salem and Louden fields west of this area, as well as 
along the LaSalle anticline; however, so far only a few showings of oil 
have been encountered from it in the deeper part of the basin. 

AUX VASES 

The Chester section, as considered in this paper, differs from that 

of Hardin County in that the basal formation is essentially clastic 
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and is correlated with the Aux Vases sandstone of Ste. Genevieve 
County, Missouri, whereas in Hardin County the basal Chester 
member, as correlated by Weller,’ is the Shetlerville limestone and 
shale. The Aux Vases formation consists of three members of the 
basin. The upper member is a fine-grained, muddy-appearing sand- 
stone. The middle member is sandy, odlitic limestone, the odlites 
generally being colored, and in the well samples they stand out in 
relief. This member resembles the Rosiclare sandstone. The lower 
member is characteristically calcareous, fine-grained sand with vari- 
able amounts of limestone or dolomite, which are fossiliferous, sandy, 
and oélitic. Bryozoa are common, and in some localities the limestone 
appears to be a reef type. The odlites are generally colored, commonly 
red, and the limestone is sandy and argillaceous. The limestone is 
ordinarily dolomitized, the odlites reduced to shadows, and in a few 
places contains erratic pebbles as large as } inch in diameter. In some 
wells this limestone very closely resembles the odlitic part of the Fre- 
donia, and, since the overlying member is similar to the Rosiclare, 
it is apparent that correlations are difficult where this occurs, and 
some confusion has resulted. The brown, crystalline limestone of the 
Lower O’Hara, which is discussed later, has to be assumed to be miss- 
ing to make this correlation; however, so far as the writer knows, no 
well yet has been drilled in the basin which did not have this limestone 
represented below the confusing Aux Vases section. 

The Aux Vases as described here is lithologically very similar to 
the Hoffner member of the Ste. Genevieve as recently described by 
Weller and Sutton.® The correlation of the Hoffner as a part of the 
Ste. Genevieve is based on fossil evidence. The subsurface correlation 
of the Aux Vases as used in this paper is based on the premise that 
this clastic formation has a closer relation with the Chester series 
than with the Ste. Genevieve limestones. More work should be done 
on both the subsurface and surface sections before either of these 
correlations should be accepted as definite. 

The upper Aux Vases sand produces in the discovery well at Cisne. 
The lower sand and dolomite produce in two wells in the Clay City 
field, one in the Noble field, and in two wells between these fields. 
The production is small and very erratic. 


STE. GENEVIEVE LIMESTONE 


The Ste. Genevieve limestone is the most important producing 
formation of the area and has, therefore, been studied in detail by 
5 Stuart Weller, op. cit. 


* J. Marvin Weller and A. H. Sutton, “Mississippian Border of Eastern Interior 
Basin,” manuscript presented before the Association at Oklahoma City, March 24, 
1939. 
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more geologists than other parts of the section. The correlation of the 
top of the formation, as well as its relation with the overlying beds, 
is controversial. This is to be expected, for in addition to the similarity 
to some of the Aux Vases beds, the subsurface correlation is made on 
the basis of lithology, whereas Weller’s’ correlation of the nearest 
outcrop in Hardin County, Illinois, with that of the type locality in 
Ste. Genevieve County, Missouri, was made on the basis of fauna. 
The top of the Ste. Genevieve as defined in this report is placed at 
the base of the clastic material overlying a brown, crystalline, fos- 
siliferous limestone which is persistently present. Figure 3 shows the 
detailed lithology of the section immediately above and below the 
brown, crystalline limestone, as revealed from cores in wells generally 
distributed throughout the area. This section indicates that there are 
three divisions of the Ste. Genevieve which lithologically compare 
with the three divisions described by Weller* in Hardin County. 
The upper zone is believed to be the equivalent of Weller’s Lower 
O’Hara. Its most common development is thin gray, sugary dolomite, 
below which is green, compact, fossiliferous shale, followed by brown, 
crystalline, fossiliferous limestone. All three of these beds vary in 
thickness and to a certain extent in lithologic characteristics. The 
brown crystalline lime is the most readily recognized; however, in 
some places it is dolomitized to such an extent that its original char- 
acteristics are masked. The thickness of this zone varies from 15 to 
35 feet in the cored sections shown. 

This sequence is followed by a sandy zone correlated with the 
Rosiclare sandstone, which is characterized by its poorly sorted sand 
grains and dark, large odlites which have a tendency to stand out in 
relief in the sample chips. There are lateral differences within this 
zone as demonstrated by variation in the thickness and number of 
shale beds and by the variation in the size of the sand grains from one 
well to another in short distances. In some wells the sand in this zone 
is so fine that it is difficult to detect, yet digestion in acid will reveal 
sand content as high as 50 per cent. In other wells the sand is coarse 
and conspicuous. Within this zone beds of fairly pure odlitic limestone 
occur. Production has been obtained from one such bed in 5 wells 
in the Clay City pool. In the cored sections shown, this sandy zone 
has a minimum thickness of 7 feet and a maximum thickness of 30 
feet. 

The lowest and thickest member of the Ste. Genevieve is the 
Fredonia. The upper part of this member is generally pure limestone, 

7 Stuart Weller, op. cit. 

5 Ibid, 
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characterized by large and numerous odlites. The oolitic beds become 
thinner, and dense dolomite and limestone beds become more promi- 
nent in the lower part of the Fredonia. 

When examined in detail considerable lateral variation can be 
found in the lithology of the Fredonia. In wells in which the porosity 
is developed in the odlitic zones, the limestone matrix is pure calcium 
carbonate in contrast to a fair sand content in the same zone where 
the porosity is not developed. This sandy development is not to be 
confused with regenerated quartz crystals which are commonly pres- 
ent. Dense, soft, chalky dolomites come and go in the section, and 
40-50 feet below the top of the Fredonia in the basin, as well as on 
the outcrop, sandstone similar to the Rosiclare is locally but not 
everywhere present. The base of the Ste. Genevieve is arbitrarily 
placed at the top of the heavy chert beds, which are believed to be 
in the underlying St. Louis. There is generally thin, fine, sandy lime- 
stone immediately above the chert contact. 

The variations in thickness and lithologic characteristics of the 
Lower O’Hara have caused much speculation, and any theory sug- 
gested to explain them meets with objections and is difficult to prove. 
It has been postulated that an angular unconformity exists in the 
basin at the base of thé Chester as observed by Weller® in Hardin 
County. The principal evidence in favor of this is the occurrence of 
erratic fragments in some of the overlying beds where these beds are 
limestones. The writer has no basis for discounting the existence of 
an angular unconformity on the outcrop but believes it is unnecessary 
to place such an unconformity in the deeper part of the basin. There 
actually may be a break in deposition, but the fact that the Lower 
O’Hara is present in all wells cored, regardless of structural position, 
even though it is a thin member, indicates that no erosion took place. 
The variations in thickness and lithologic characteristics of the Lower 
O’Hara are no greater than in the Rosiclare and Fredonia. Although 
these variations are conspicuous in Figure 3, they are more apparent 
than real as the vertical scale has been greatly exaggerated in order 
to show detail, and only the typical, brown, crystalline limestone has 
been emphasized. 

The variations in thickness of the Rosiclare member and in the 
lithology of the underlying Fredonia have caused some students to 
place an unconformity between these members. The writer believes 
that these characteristics are caused by lateral depositional variations 
in the Ste. Genevieve which are to be expected with the probable 
conditions under which it was deposited. The upper part of the Lower 

® Stuart Weller, op. cit. 
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Mississippian limestone was deposited in a closed basin which was 
subject to periodic desiccation as suggested by the introduction of 
dwarfed fauna in the Spergen, anhydrite beds in the St. Louis, and 
abundant odlites!® in the St. Louis and Ste. Genevieve. In such a basin 
minor factors of deposition will have a decided effect on the resulting 
rock, and lateral variations, such as observed in the Ste. Genevieve, 
could result even though deposition was continuous. 

Most of the Fredonia “pays” occur within 70 feet of the top. 
Where the porosity has its maximum development, it generally occurs 
in a continuous zone with possibly one or two thin stringers of tight 
limestone within it. The reduction in thickness of the porosity is ap- 
parently gradational and is due to an increase in number and thick- 
ness of the tight limestone stringers at the expense of the porous zone. 
This transformation can take place in offset locations, but generally 
is more gradual. Thin pay zones occur in a few places down to 100 
feet in the Fredonia, and here and there an erratic, thin zone is present 
between roo and 150 feet in the formation. The maximum pay thick- 
ness of the McClosky is about 30 feet, and the average for the princi- 
pal fields is approximately 15 feet. 

Except in a few isolated places, bottom water is not present, and 
in the Clay City and Noble fields there is no edge water in the 
McClosky. The limits of production in these fields are defined either 
by absence of porosity or by the low structural position of the wells. 
In the Cisne and North Aden fields there is evidence that edge water 
exists; however, at Cisne it is very erratic, and the reservoir may be 
essentially under volumetric control. This may also be true at North 
Aden, but the wells have not been drilled in such a manner as to 
demonstrate it. 

The writer believes that most of the McClosky porosity is pri- 
mary in origin. Microscopic examination of many cores does not 
reveal any evidence of solution on the surfaces of the odlites, and the 
porosity is of the interstitial type very much as in sandstones. There 
is, as a matter of fact, evidence that some of the odlitic zones are tight 
because of secondary deposition of calcite or dolomite in the inter- 
stices. Microscopic carbonate crystals are attached to many of the 
odlites in wells with good permeability, and in less permeable sections 
the interstices are filled with similar but larger crystals. Where stylo- 
lite seams are present within a porous zone, the interstices are filled 
with these crystals, making the limestone impervious for 6 or 8 inches 
below and above these seams. Vertical fractures up to 15 feet long 


10 A. J. Eardley, “Sediments of Great Salt Lake, Utah,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 22, No. 10 (October, 1938). 
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and } inch wide, which have been healed by calcite, are common in 
the Fredonia. These deposits must have been due to circulating waters 
after initial deposition. 

Porosity is more consistently developed in the McClosky along 
the anticlinal belt than it is in the synclines on the east and west. 
Insufficient study of this has been made by the writer to attempt an 
explanation at this time. 


PRE-MISSISSIPPIAN 


No tests have been drilled in the Basin fields below the St. Louis 
formation. Small production from pre-Mississippian beds has been 
obtained on the flanks of the Illinois basin and on the LaSalle anti- 
cline; however, the prospect of obtaining production from these beds 
on the Basin anticline is highly.speculative. It is estimated that the 
Devonian limestone will be found in the Clay City field at approxi- 
mately 4,500 feet, the Trenton limestone at 5,900, and the St. Peter 
sandstone at 6,600 feet. 


STRUCTURE 


As previously stated, the axis of the Illinois basin extends north 
and south approximately through the middle of the area. This axis 
has a southward plunge, and the deepest part of the basin in Illinois 
is in northern Hamilton and White counties. The basin is traversed 
by a low, broad, anticlinal belt with the main axis extending slightly 
east of north and west of south as shown on Figure 1. This anticlinal 
belt has a southward plunge amounting to approximately 400 feet 
from northern Richland County to southern Wayne County. In the 
northern part of the area the anticline is a simple structural ridge, 
but toward the south the belt becomes much broader and resolves it- 
self into several anticlinal axes with their attendant synclines. Along 
these axes local reversals exist, resulting in closures of the magnitude 
of 100 feet as mapped on the Mississippian beds, on which most of 
the production is located. The Olney field is located on a nose extend- 
ing off the main structure, and the Flora pool is apparently on a 
relatively small local structure. 


STRUCTURAL HISTORY 


Isopach maps indicate that the basin was open toward the south 
until the close of Mississippian time at least to the latitude of the 
Shawneetown-Rough Creek fault. The thickest Mississippian sections 
so far drilled in Illinois have been encountered in the Ohio Oil Com- 
pany’s Hancock No. 1 in Sec. 4, T. 11 S., R. 5 E., Pope County, and 
in the Leach Brothers’ Ellen No. 1 in Sec. 3, T. 2 S., R. 10 E., Edwards 
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County, being 2,468 feet in the former and 2,426 feet in the latter. 
It is reasonably certain, however, that south of the Ellen well this 
section thickens, as wells drilled in Union County, Kentucky, and 
southern Posey County, Indiana, have encountered 400-5co feet of 
additional Mississippian section. The Mississippian sections in Hardin 
County, south of the Rough Creek fault, as measured by Weller,” are 
100-200 feet thinner than the wells referred to in Indiana and Ken- 
tucky. This thinning suggests that the Mississippian basin was closing 
toward the south at the latitude of the Rough Creek fault and/or this 
fault influenced deposition. 

Little is known of the pre-Mississippian structural history of the 
Basin anticline since no wells have been drilled on it below the St. 
Louis limestone. The Mississippian structure as mapped from well 
data coincides with the Devonian structure mapped on seismic data, 
indicating that there was no pronounced folding during Mississippian 
time. 

The most pronounced period of folding known to exist occurred 
at the close of Mississippian time and before Pennsylvanian depo- 
sition. After this folding the surface was exposed to erosion and appar- 
ently almost base leveled as Pennsylvanian overlaps beds of Chester 
age. Figure 1 shows the areal geology at the time of initial Pennsy]- 
vanian deposition. The west dip of the anticlinal belt is clearly shown. 
The east dip is not as obvious, due to the Pennsylvanian unconformity 
cutting as deeply into the Chester beds in the eastern syncline as it 
did along the top of the structure; however, the base of the Pennsyl- 
vanian and the Mississippian beds are 200-300 feet lower structurally 
than on the anticline. This syncline lies between the Basin anticline 
and the LaSalle anticline and could well have been the drainage area 
for these positive features, permitting it to be eroded deeper than the 
top of the Basin anticline as peneplanation was approached. 

The Middle Pennsylvanian zone of limestone, coal, and black 
shale, previously mentioned as occurring in the Clay City and Noble 
fields, reflects the structure; however, the dips are much less pro- 
nounced than in the Mississippian beds, and the axis shifts to the 
east. Newton and Weller’s!? work on the surface beds of Upper Penn- 
sylvania suggests the presence of the structure in a general way by 
the pattern of the areal geology. From this it is concluded that there 
was recurrent folding on a minor scale during and subsequent to 
Pennsylvanian time. 


™ Stuart Weller, op. cit. 
12 Wm. A. Newton and J. Marvin Weller, op. <it. 
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SIGNIFICANT UNCERTAINTIES IN PENNSYLVANIAN 
CORRELATION IN ILLINOIS COAL BASIN?! 
GILBERT H. CADY? 

Urbana, Illinois 
ABSTRACT 

In connection with the preparation of coal-bed structure maps stratigraphic studies 
have been made based on the matching of drilling logs of a series of wells extending 
from the vicinity of Carlinville on the west to western Cumberland County on the east. 
Such studies reveal a lack of agreement with correlations based on the study of out- 
crops. The pattern of succession on the western margin of the basin produced by the 
spacing of important limestone and coal beds appears to be traceable into the central 
part of the basin, indicating that the surface beds in the central area are much younger 
than those on the margin. Such a conclusion is at variance with conclusions that have 
been recently reached by the study of outcrops independent of coal-bed structures. 
Such studies have resulted in correlations which require a conspicuous spreading be- 
tween the prominent limestone beds as they approach the inner part of the basin, 
resulting in a marked departure from parallelism with coal bed No. 6 on the part of 
the higher limestones. The paper points out the need of further studies and elaborates 
the evidence on which surface correlations are based. 

For the better part of three decades the writer has given the 
major part of his attention to the geology of the coal beds of Illinois. 
His interest has been centered on the economic aspects of the coal 
beds as mineral resources to be explored, mined, and utilized. A large 
amount of time has been devoted to the delineation of the position of 
outcrop of the workable coal beds, in a study of their variations in 
thickness and their chemical and physical characteristics, and in 
mapping their structural features. Necessarily in such mapping proj- 
ects, since the coal beds are usually at considerable depths, in some 
places 1,000 feet or more, much dependence has been placed on drill- 
ing records in determining their extent and position. 

Within the main coal-mining districts the identification of the 
workable coal beds in Illinois is based on familiar peculiarities of the 
individual beds, the spacing of the beds in the Coal Measures, and 
the relationship of the coal beds to other widespread and recognizable 
units, such, for example, as the cap-rock limestone of Herrin (No. 6) 
coal bed. Away from the regions where the coal beds have been mined 
or closely explored, the correct identification of a coal bed is not 
everywhere apparent, and reliance for identification is placed on the 
usual procedure of stratigraphic correlation. The economic geologist 
is therefore not uncommonly dependent on the stratigraphic geolo- 

1 Presented at Geology Section, Milwaukee Meeting, A.A.A.S., June 21, 1939, 


by permission of the chief of the Illinois State Geological Survey. Manuscript received, 


July 8, 1939. Published with the permission of the chief of the Survey but representing 
the author’s individual opinion. 


2 Senior geologist and head of Coal Division, Geological Resources Section, Illinois 
State Geological Survey. 
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gist, or on such facts in regard to the stratigraphic succession as he 
can himself decipher from the drill logs for identification of coal beds 
outside the mining districts. 

Had the knowledge of Pennsylvanian stratigraphy kept abreast, 
or better, a little ahead of the growing need for that knowledge in 
preparing fuel-resource inventories, the economic geologist would 
probably now be able to interpret drilling data on the basis of sound 
stratigraphic information; at least this would apply to such records 
as are reasonably accurate. Unfortunately, the details of our Penn- 
sylvanian succession are so inadequately understood that a great 
deal of dependence in interpretation is still placed on nimbleness, 
ingenuity, and shrewdness in log matching for the purpose of discov- 
ering regular patterns and spacing in the succession. Such regularity 
when discovered has been taken to indicate continuity of beds, even 
though the identity of such beds may be uncertain. 

The great superiority of systematic stratigraphy over log matching 
is readily admitted, since it requires very little geological knowledge 
to make such comparisons, but it should likewise be realized that 
danger of error in correlation and identification of beds also exists 
when stratigraphic studies based on outcropping beds give no con- 
sideration to the facts in regard to the structure as revealed by drill- 
ing. 
One of the principal activities of the Coal Division of the Survey 
has been the mapping of the structure of the workable coal beds of the 
state. During the last 10 years or more attention has been directed 
particularly to the delineation of the structure of Herrin (No. 6) coal 
for a large part of the southern half of the Illinois coal basin. In 
large areas in southwestern and southern Illinois drilling has been 
fairly closely spaced and much of it has been done by coring devices. 
In general, in this area the tracing of the coal bed from drill hole to 
drill hole is mainly based on the altitude and thickness of the coal 
bed. Away from the mines, however, and the more closely spaced drill 
holes, more care in identifying the coal bed is necessary, and the de- 
tails of the drilling records become important. 

In preparing structure maps the economic geologist finds it neces- 
sary to familiarize himself with the stratigraphic succession revealed 
by the drilling logs. He may be working in an area where the coal bed 
is many hundred feet below the surface so that most of the beds pene- 
trated in drilling are exposed only at places remote from the area 
being studied. Unless the stratigraphy is thoroughly understood, 
which is rarely the fact in Illinois, the geologist will find it impossible 
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to interpret his drilling data in terms of standard stratigraphic units. 
Instead he will seek to discover beds of apparent continuity in the 
area by matching log with log and thereby work out a sort of strati- 
graphic pattern that seems to prevail. Such a stratigraphic pattern can 
then be used as a standard for identifying a coal bed or the position 
of a coal-bed horizon on the fringes of a coal-mining district. 

It is almost inevitable, however, following such a practice, that 
there will be some effort made to give the individual units comprising 
the stratigraphic pattern the names of outcropping beds if relation- 
ships seem to be similar, although the exposure of such beds may be at 
considerable distance. These correlations will vary greatly in correct- 
ness, depending on the care exercised in making identifications. Ex- 
perience has shown that many of them have been erroneous, particu- 
larly those made in the early years of the present Survey. 

In general, in Illinois, surface and underground stratigraphy of the 
Pennsylvanian rocks has been carried on largely independently by 
different groups of workers, so that miscorrelations resulted in a num- 
ber of instances. In general, Pennsylvanian strata encountered in 
drilling have not been systematically identified in the logs largely 
because the need for such identification has not been particularly 
pressing since the coal beds could generally be identified and followed 
by the log-matching procedure. With the recent discovery of oil fields 
in the coal basin, the stratigraphic identification of beds becomes of 
much greater importance in the interpretation of structure. 

In the light of these remarks, the development of the present con- 
fusion in the correlation of a number of important members of the 
McLeansboro formation in the Illinois coal basin can probably be 
better understood. The nature of this confusion will now be consid- 
ered. 

Because of the emphasis that has been placed on the economic 
aspects of geological investigations by the Survey during its first ten 
years of existence, structural studies have proceeded much more 
rapidly than stratigraphic studies, in spite of the fundamental value 
of the latter. In the preparation of structure maps of coal bed No. 6 
in southwestern and southern Illinois many hundreds of drilling logs 
were used to locate the position of the coal. These were generally 
studied in graphic form on a scale of 1 inch to 100 feet of vertical 
distance. Using such graphic logs the prevailing arrangement of beds 
of the McLeansboro formation for the southwestern part of the basin 
was worked out with little attempt to tie in known outcrops with 
strata penetrated in drilling except in two or three instances. The 
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outstanding distinctive units of the stratigraphic pattern based on 
log matching were described by Kay’ in 1915 as follows (Fig. 1). 
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Fic. 1.—Sections showing persistent nature of limestones in McLeansboro formation 
(after Kay). 


1. Lovington, Moultrie County. 

2. Sec. 8, T. 10 N., R. 1 E., Shelby County. 

3. NW. 4, NW. }, Sec. 8, T. 9 N., R. 1 W., Montgomery County. 
4. Sec. 29, T. 9 N., R. 1 E., Fayette County. 


7. New Haven limestone, 200 to 250 feet above Carlinville limestone 

6. Shoal Creek limestone, about 100 feet above Carlinville limestone 

5. Carlinville limestone, so-called because of typical outcrops near town 
of this name in Macoupin County. Its position is from 200 feet to a little 
more than 300 feet above coal No. 6 

4. Coal No. 8, ranging in thickness from 8 inches where present to 2 feet 
and lying 150 to 180 feet above coal No. 6 


3 F. H. Kay, “Coal Resources of District VII,” Illinois State Geol. Survey Coépera- 
tive Mining Investigations Bull. 11 (1915), p. 23. 
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3. A bed of pink, red, or variegated shale, variable in thickness, seldom 
exceeding 15 feet, averaging from 35 to 50 feet above coal No. 6 


Wallace Lee‘ states that the Shoal Creek limestone lies 75 feet 
above the Carlinville. Kay calls a coal, lying a short distance below 
the Shoal Creek limestone, coal No. 9. He states that “the New Haven 
limestone is encountered in nearly every drill hole that reaches coal 
No. 6 at a depth of 700 feet or more,” and in “most logs is given a 
thickness of at least 25 feet.” Kay calls the limestone New Haven, 
but the basis of correlation is mainly the interval between the lime- 
stone cropping out at New Haven, White County, and coal bed No. 6, 
which is about 500 feet. At any rate, whether or not the limestone 
500 feet above coal bed No. 6 in District VII is correctly identified 
as the New Haven, its existence must be conceded. Kay finds two 
fairly persistent thin coal beds which he calls No. 10 and No. 11 about 
50-60 feet apart midway between the limestone he designates the 
Shoal Creek and the one he calls the New Haven. 

This general pattern of the McLeansboro succession has been the 
basis for identifying the position of coal bed No. 6 in the central part 
of the basin for more than 20 years. The general sequence undoubtedly 
exists irrespective of the identification of the different beds. The 
identification used by Kay is largely adopted from Lee’ and. Shaw 
and Udden® following the systematic geological mapping of four 
quadrangles lying in Macoupin, Montgomery, Madison, St. Clair, 
and Clinton counties. This quadrangle mapping between 1907 and 
1914 gave considerable weight to the identifications made by Kay, 
which, however, were based largely on the evidence supplied by drill- 
ing. 

Since 1925, under the stimulation of a new theory of Pennsylva- 
nian sedimentation and stratigraphy announced by J. M. Weller and 
H. R. Wanless about to years ago, the outcrops of Pennsylvanian 
beds in Illinois have been examined and mapped with renewed inter- 
est. As a result correlations have been proposed that are of particular 
interest because of their departure from long accepted ideas. These 
later investigators recognized in the McLeansboro formation of south- 
western Illinois the following distinctive beds other than coal beds.’ 

‘ Wallace Lee, “Gillespie and Mt. Olive, Illinois,” U. S. Geol. Survey Geol. Atlas 
Folio 220 (1926), p. 6. 

5 Wallace Lee, op. cit. 


* E. W. Shaw and J. A. Udden, “Belleville-Breese, Illinois,” U. S. Geol. Survey 
Geol. Allas Folio 195 (1915). 


7 Harold R. Wanless, Fig nage me Correlations in the Eastern Interior and 
Appalachian Coal Fields,” Geol. Soc. America Spec. Paper 17 (March 30, 1939), pp. 
15-109. 
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5. La Salle limestone 

4. Shoal Creek limestone which is correlated with the New Haven lime- 
stone at New Haven, White County 

3. Lonsdale limestone, also identified as the Cutler limestone in south- 
western Illinois 

2. Piasa limestone, also identified as the Bankston Fork limestone in 
southern and southwestern Illinois 

1. Herrin limestone, the cap-rock of coal No. 6. 


It may be well to note especially that the Shoal Creek limestone 
of Kay and Lee is renamed the LaSalle limestone and that the Carlin- 
ville limestone of Kay and Lee is given the name Shoal Creek. The 
Shoal Creek limestone as revised is correlated with the New Haven 
limestone. Two additional limestones are listed, the Lonsdale and the 
Piasa which are correlated with two widespread limestones encoun- 
tered in many logs and exposed at many places in southern Illinois. 
The upper or Cutler limestone is about 40 feet above the Herrin 
(No. 6) coal bed and is underlain by the Cutler coal bed, probably 
coal No. 7 of Kay. The lower or Bankston Fork limestone lies about 
20-25 feet above the Herrin (No. 6) coal bed (Fig. 2). It is in places 
overlain by a thin bed of coal. This coal bed and the Cutler coal bed 
(No. 7?) which has a black sheety shale roof are commonly encoun- 
tered by the drill in passing through the strata intervening between 
the Cutler and Bankston Fork limestones. 

These two limestone beds were found by field parties of the Coal 
Division working in Saline, Randolph, and Perry counties between 
1920 and 1930. 

The two schemes of stratigraphic arrangement that have been 
noted, one dependent largely on the organization and comparison of 
drilling data and the other mainly on surface outcrops, are not in 
agreement in a number of particulars. Decision in regard to the ac- 
curacy of either, so far as the economic geologist is concerned, is for 
the present in abeyance. The bases for the uncertainty in regard to 
the identity and correlation of the more distinctive of these McLeans- 
boro beds may well be explained in greater detail. 


NEW HAVEN LIMESTONE OF KAY 


What is the limestone designated by Kay as the New Haven (or 
Carthage) which the study of well records indicates overlies the Shoal 
Creek and Carlinville limestones as he identified them in the succes- 
sion, if the limestone exposed at New Haven, White County, is cor- 
rectly correlated with the Carlinville limestone of Kay and Lee? 

Studies by Taylor and Prescott® indicate that such an upper lime- 

® Unpublished paper read at Illinois Academy of Sciences, May, 1939. 
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MEMBERS CHARACTERISTICS AND THICKNESS 


SANDSTONE, MEDIUM GRAINED, YELLOW; FORMS LEOGES, SFEET 


CONCEALED ; MAY BE BOTH OR EITHER SANDSTONE 
AND/OR SHALE; 8~- 10 FEET 


__] SHALE, OLIVE-GRAY, FINELY LAMINATED; CONTAINS SANDY “IRONSTONE” 
CONCRETIONS; 10 FEET 
SANDSTONE, DENSE, FINE GRAINED, MICACEOUS, IN LENSES 
INTERBEDDED WITH OR REPLACING UPPER PART OF 
UNSERLYING COAL ; 6 ~ 10 INCHES 


CAST, MASSIVE, FOSSILIFEROUS; CONTAINS BLACK SPHERICAL 


CUTLER’ LIMESTONE, MOTTLED LIGHT GRAY WITH PINK OR PURPLISH 
CONCRE TIONS, 5- 6 FEET 


SHALE, BLUISH-GRAY; POORLY EXPOSED; 4-8 FEET 

SHALE, CARBONACEOUS, BLACK,HARD, LAMINATED; CONTAINS 
CONODONT FOSSILS; O- 2 -FEET 

COAL; O- 2% FEET 

UNDERCLAY; LOWER PART EARTHY TO CALCAREOUS; GRADES INTO 
UNDERLYING LIMESTONE, FROM WHICH IT MAY HAVE BEEN 
WEATHERED; 2- 7 FEET 

LIMESTONE, EARTHY, YELLOW, NODULAR; FOSSILS RARE OR 
ABSENT; 3 FEET 

SHALE, LAMINATED ; POORLY EXPOSED; 5- 7FEET 


20 FEET 


15 


VERTICAL SCALE 
10 


ARGILLACEOUS, DARK BLUE, MASSIVE, FOSSILIFEROUS ; 
WEATHERS BROWN; 2%-7 FEET 


LAMINATED, POORLY EXPOSED; 4%- 7 FEET 


©---LIMESTONE, DARK BLUE, CONTAINS PRODUCTUS SP; 2% FEET 


GRAY, FOSSILIFEROUS; 3 FEET 
“-SHALE, CARBONACEOUS, DARK, 8 INCHES 
~“COAL; 3- 6 INCHES 

SHALE, DARK, BLUISH- GRAY; 4 ‘4 FEET 


LIMESTONE, ARGILLACEOUS, BLUISH- GRAY, HARD, DENSE; CONTAINS 


RRIN®...-.---- { FEW FOSSILS; 4 %- 6 FEET 


sees eeeqesssesseessessere SHALE, CARBONACEOUS, BLACK, HARD, LAMINATED; 2 % FEET 


~HERRIN (NO 6)---coaL; FEET 


5 2 - FEET 


Fic. 2.—Generalized stratigraphic column of Pennsylvanian strata above and in- 
cluding Herrin (No. 6) coal in vicinity of Pinckneyville and Jamestown, as compiled 
from outcrops and records (after Ball and McCabe). 


. The name Culler is applied to this limestone member because it is typically exposed in the vicinity 
of Cutler, Perry County, Illinois. 

2. The name Cutler is app ied to this coal bed because it is generally associated with the Cutler lime- 
stone. 

3. The name Galum is applied to this limestone because it is well exposed along Galum Creek near 
Pinckneyville, Illinois. 

4. See G. . Cady, ‘ ‘Arcal geology of Saline County,” Trans. Illinois Acad. Se. Vol. 19 (1927), p. 26. 

5. The name Jamestown is applied to this limestone because it is typically well in the v cinity 
of Jamestown, Perry County, Illinois. 

6. See Cady, op. cit. 


stone is present in central Illinois 150-200 feet above the upper of a 
pair of limestones having a relationship similar to that of the Shoal 
Creek and Carlinville limestones of Kay and Lee (Fig. 3). This upper 
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Fic. 3.—Graphic section of McLeansboro formation and No. 6 coal bed 
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. 3. (continued).—Graphic section of McLeansboro formation and No. 6 coal bed 
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limestone passes entirely beneath a section of the Pennsylvanian sys- 
tem in Cumberland and adjacent counties in which Newton and 
Weller® have identified certain beds as the LaSalle limestone, that is, 
equivalent to the Shoal Creek of Kay and Lee. 

This upper New Haven limestone of Kay has a common thickness 
of 25—40 feet and is encountered in most drilling in the central counties 
of the state, as noted by Kay, and lies 500-600 feet above Herrin 
(No. 6) coal bed. This interval is about the same as that separating 
the limestone cropping out at New Haven from the Herrin coal but 
the continuity of this upper limestone in Cumberland and adjacent 
counties in the central part of the basin with the limestone at New 
Haven seems very doubtful. If the New Haven of Kay is younger than 
the limestone at New Haven, there is obviously an area in the central 
part of the state underlain by this upper limestone and a marginal 
line of outcrop which has not been traced. The graphic section pre- 
pared by Taylor and Prescott indicates that one position of such out- 
crop is in eastern Montgomery County, and it seems probable that 
an exposure of the limestone has recently been located near Millers- 
ville, Christian County, Illinois. No name has been proposed for 
this upper limestone other than New Haven, except that the geologists 
employed by some of the oil companies that have drilled in the central 
part of the basin commonly refer to it as the LaSalle, which adds 
further confusion to the nomenclature. 


SHOAL CREEK-CARLINVILLE LIMESTONES CONTROVERSY 


Probably no group of beds in the Pennsylvanian system in Illinois 
has received more severe treatment by stratigraphers than that group 
extending from the base of the Carlinville limestone of Lee and Kay 
to the top of their Shoal Creek limestone. There is no question about 
the presence of these two limestones since they may be observed in 
outcrop in what is essentially a continuous exposure in the vicinity 
of Carlinville, and limestones at the same position and having the 
same relationships have been penetrated in many drill holes and mine 
shafts. The confusion in nomenclature has come from the misinter- 
pretation of exposures, isolated exposures apparently being difficult 
to identify. These difficulties seem to be in part due to the failure to 
make suitable allowance for regional dip such as is manifested by the 
structure of the underlying Herrin (No. 6) coal bed. 

The attempt to trace these beds south and southeastward in drill 
records encounters difficulty first because of an apparently increasing 


* William A. Newton, and J. Marvin Weller, “Stratigraphic Studies of the Penn- 
vanian Outcro} Part of Southeastern Illinois,’ Illinois State Geol. Survey Rept. 
mvestig. 45 (1937), Pl. r. 
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interval to Herrin coal bed, and secondly because the lower limestone, 
the Carlinville of Lee and Kay, becomes less persistent in that direc- 
tion. 

Additional difficulty in correlation has arisen apparently because 
of the indiscriminating use of the name Shoal Creek for what are 
apparently different limestones exposed in eastern Madison, western 
Clinton, southwest Bond and in Washington counties. The identifica- 
tion is made irrespective of the evident persistence of interval be- 
tween the two limestones and Herrin (No. 6) coal bed, and a regional 
eastward dip of 6-8 feet per mile. Thus, a limestone outcrops along 
Shoal Creek which runs south in western Clinton County. A somewhat 
similar limestone also crops out along Sugar Creek which also flows 
south but about 7-8 miles west of Shoal Creek. According to Shaw 
and Udden" the altitude of Herrin coal bed declines about 75 feet 
from Sugar Creek to Shoal Creek. The exposures of the limestone 
being at about the same altitude, it seems probable that the limestone 
exposed along Shoal Creek is actually stratigraphically higher than 
that exposed along Sugar Creek and that the identification of the 
limestones on both creeks as Shoal Creek limestone is probably a 
mistake. Descriptions of the limestones such as are given by Jon A. 
Udden" indicate that the exposures are sufficiently different so that 
two limestones may well be represented. 

In 1932 Sidney Ekblaw' reviewed the Shoal Creek-Carlinville 
problem under the supervision of H. E. Wanless and came to the con- 
clusion that the limestone exposed along Shoal Creek, that is the 
easternmost limestone, is the same as the lower or Carlinville lime- 
stone at Carlinville as defined by Lee. Lee earlier correlated the Shoal 
Creek limestone with the upper limestone at Carlinville and called it 
the Shoal Creek. Both Lee and Ekblaw apparently regarded the 
basis for their correlations as more or less self-evident and produced 
little or no definite support for their conclusions. It may be pointed 
out that Lee states that the interval to the Herrin (No. 6) coal bed 
from his Shoal Creek limestone is 275-325 feet in the Gillespie-Mt. 
Olive quadrangles and 350 feet at Breese along Shoal Creek in Clinton 
County. If the limestone exposed at the Timmerman quarry 4 miles 
northeast of Breese, and here possibly 375 feet above the Herrin (No. 
6) coal bed, is actually the lower limestone as believed by Ekblaw, 


10 E. W. Shaw and J. A. Udden, op. cit. 
11 Jon A. Udden, “Notes on the Shoal Creek limestone,’”’ Jlinois State Geol. Survey 
Bull. 8 (1907), pp. 117-26. 


#2 Sidney E. Ekblaw, “The Question of the Shoal Creek and Carlinville Limestones,” 
Trans. Illinois Acad. Sci., Vol. 25, No. 4 (May, 1932), pp. 143-45. 
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then the upper limestone, that is Lee’s Shoal Creek, would be more 
than 400 feet above coal No. 6. This is as much as 100 feet in excess 
of the maximum interval reported by Lee, and the evidence of drilling 
does not bear out the probability of such a divergence of beds in the 
distance involved. Indeed comparison of logs of wells drilled in eastern 
Clinton County indicates the persistence of two limestones having the 
stratigraphic position of the Carlinville and Shoal Creek limestones 
as they occur in Macoupin County at least as far east as Centralia. 
Here the lower limestone is about 300 feet and the upper limestone 
about 400 feet above the Herrin (No. 6) coal bed. The stratigraphic 
pattern seems to be essentially the same as that seen in the graphic 
section fron Macoupin to Cumberland counties prepared by Taylor 
and Prescott. 

The upper or Shoal Creek limestone of Lee is not uncommonly 
underlain by a black fissile shale or “‘slate’’ beneath which there is 
commonly a thin bed of coal, nowhere more than a foot thick. No 
such coal horizon is reported by Lee to underlie the Carlinville lime- 
stone at the type locality or on the Gillespie or the Mt. Olive quad- 
rangle. Ekblaw, on the other hand, describes a black sheety shale and 
coal bed a short distance below his Shoal Creek limestone (Carlin- 
ville of Lee) in his generalized section and reports no coal below his 
LaSalle limestone (Shoal Creek of Lee). These differences in interpre- 
tation and geological succession as reported by competent geologists 
are difficult for the economic geologist to comprehend and indicate 
that the solution of the controversy will require careful and discrimi- 
nating observations with due consideration of the correlations made 
by both Lee and Ekblaw and of the structural conditions that exist. 

The correlation of the upper or Shoal Creek limestone with the La- 
Salle limestone, that is the cement rock limestone at LaSalle, is based 
entirely on similarity in the stratigraphic pattern at LaSalle and at 
Carlinville so far as the writer is aware. In this case the stratigraphers 
have used the system of matching the grouping and spacing of beds 
to establish correlations, since there is no possibility of tracing the 
beds in exposures from one region to another. No particular objection 
exists to such a correlation so far as the present writer is concerned, 
so long as its basis is understood and the possibility of error realized. 
The very local distribution of the typical cement-rock limestone at 
LaSalle makes comparison on the basis of lithological similarity of 
little significance. A mile west of LaSalle the LaSalle limestone has 
little if any resemblance to the beds composing what would probably 
be called the typical LaSalle limestone. 

The correlation of the Carlinville (Shoal Creek of Ekblaw) with 
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the New Haven is again largely based on the procedure of log match- 
ing. A limestone which may be either the Carlinville or the Shoal 
Creek of Lee is present in the shaft of the mine at Nashville, Washing- 
ton County, about 400 feet above Herrin (No. 6) coal. There is only 
one such limestone reported and it is underlain by a thin coal bed. 
The interval is such as to suggest to the writer that this limestone is 
probably the upper or Shoal Creek limestone. The writer believes that 
Wanless, on the other hand, regards it as the Carlinville of Lee. So 
likewise the limestone cropping out at Radom, that near Galatia, and 
that at New Haven, except that in these latter two places the interval 
to the Herrin (No. 6) coal bed has increased to about 500 feet. Occa- 
sionally in drill holes in intervening positions in Jefferson, Franklin, 
and Saline counties two limestones having the general position of the 
Carlinville and Shoal Creek are reported. The uppermost of these 
limestones is between 400 and 500 feet above coal bed No. 6. There 
seems to be about as good evidence that the New Haven limestone 
represents the Shoal Creek of Lee as the Carlinville of Lee. 

If the New Haven limestone represents Lee’s upper limestone, 
called the Shoal Creek, it must be assumed that in many places be- 
tween New Haven and western Clinton County the lower limestone 
is absent or poorly represented in the succession so that it commonly 
is not recorded in the logs. On the other hand correlating the New 
Haven with the Carlinville of Lee involves postulating a considerable 
thickening of the interval to the Herrin (No. 6) coal bed between the 
two localities. The basis for such belief rests very largely in the tenets 
of the cyclical theory of deposition which in general call for a wide- 
spread distribution of the individual members of each cycle. 

These statements indicate some of the uncertainties that exist with 
respect to the correlation and identification of the Shoal Creek, 
LaSalle, Carlinville, and New Haven limestones in Illinois. The un- 
certainties become increasingly complex if Indiana limestones at the 
same general horizons are considered. 


IDENTITY AND CORRELATION OF LONSDALE, PIASA, 
CUTLER, AND BANKSTON FORK LIMESTONES 


This group of limestones lies between the Carlinville of Lee and the 
Herrin (No. 6) coal bed. Concerning their identity, continuity, and 
correlation there is much uncertainty in spite of the local distinction 
of each as a horizon marker. Limestones at this general horizon were 
not included in Kay’s list of distinctive horizons. The graphic sec- 
tions of Taylor and Prescott show a limestone at an intermediate 
position between the Carlinville of Lee and Herrin (No. 6) coal bed 
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which is usually associated with a variegated, usually a red, shale in 
logs of wells located in the central part of the basin. This limestone 
appears to give way toward the west in western Montgomery County 
and in Macoupin County, although the Piasa limestone is known to 
crop out in western Macoupin County. 

Wanless" regards the Piasa as distinctly different and somewhat 
older than the Lonsdale limestone. The latter is a persistent bed of 
limestone in northern and western Illinois occurring in the interval 
separating coal bed No. 7 and a bed of limestone possibly the equiva- 
lent of the Carlinville or a closely adjacent limestone in the Longwall 
district of northern Illinois. Inasmuch as the Lonsdale and Piasa 
limestones never occur with their typical lithologic appearance in 
the same outcrop, although the exposure may cross the position of 
both horizons as defined by Wanless, and inasmuch as both limestones 
are undoubtedly nearly at the same stratigraphic position, although 
said to be in different cyclical formations, better evidence should be 
advanced than is now available before the existence of two limestones 
can be accepted as definitely established. 

Both the Piasa and the Lonsdale limestones are characterized 
by the presence of a long slender form of fusulinoid fossil not found in 
lower limestones. In certain places these are found in great abundance, 
but this is not commonly the case. 

The Cutler-Bankston Fork succession was first described by Bell, 
Ball, and McCabe in 1931." It is a succession that can be observed 
in outcrop at numerous places between Belleville and Pinckneyville, 
but is less commonly fully exposed east of the DuQuoin anticline. 
Exposures of the Bankston Fork limestone are fairly common in 
Saline County, but the section above this limestone is rarely seen, 
and where seen the Cutler limestone if correctly identified does not 
have the distinctive lithological characteristics that it possesses west 
of DuQuoin, but rather closely resembles the Bankston Fork lime- 
stone. West of DuQuoin the two limestones are readily differentiated 
in exposures, but this is not so easily done in Williamson, Saline, 
and Gallatin counties. Their relation to associated coals is the best 
means of differentiation east of the DuQuoin anticline. What appear 
in graphic logs to be both limestones and the two thin coal beds that 
lie between them are commonly reported so that the continuity of 
these beds in southeastern Illinois seems probable. 


3 Harold R. Wanless, of. cit. 


“4 A. H. Bell, C. G. Ball, and L. C. McCabe, “Geology of the Pinckneyville and 
Jamestown Areas, Perry County, Illinois,” JWinois State Geol. Survey, Illinois Petroleum 
19 (April 11, 1931), p. 3- 
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The Anvil Rock sandstone intervenes between the Bankston Fork 
limestone and the cap rock of coal No. 6 in some places in southern 


where such intervention occurs. 

The correctness of the correlation of these two limestones of 
southern Illinois with the Piasa (Bankston Fork) and Lonsdale 
(Cutler) of central Illinois appears to the present writer to be very 
uncertain. Neither the Piasa nor the Lonsdale can be definitely traced 
from outcrop to outcrop at closely spaced intervals to definite agree- 
ment with the southern Illinois limestones. The corresponding lime- 
stones are different lithologically and associated sediments and strat- 
igraphic relationships are different. According to Henbest’® neither 
of the southern limestones contains the elongate form of fusulinoid 
fossil characteristic of the Piasa and Lonsdale limestones. 

Instead they are characterized by the presence of fat or ventricosely 
fusiform fusulinids formerly misnamed Girtyina ventricosa, now properly 


known as Fusulina girtyi, and an unpublished new species Fusulina illinoisen- 
sis Dunbar and Henbest (ms.). 


Ii the Bankston Fork and Cutler limestones are not the equivalent 
of the Piasa and Lonsdale limestones it is probable that they underlie 
the latter limestones, although this assumption is as poorly founded 
as the assumption that they are the same, except for the fact that fos- 
sil contents are different and more nearly resemble the fossils of the 
Herrin limestone than those of the Piasa and Lonsdale limestones. 

The present writer is inclined to place any limestone intervening 
between the Cutler limestone and the Carlinville limestone of Lee 
(Shoal Creek of Wanless), particularly a limestone associated with 
variegated shale, at the position of the Lonsdale (or Piasa) limestone. 
The occurrence of such a limestone in the graphic section prepared 
by Taylor and Prescott has been noted. It is noteworthy that Shaw 
and Udden suggested a possible correlation with the Lonsdale of a 
limestone 2-6 feet thick called the “‘top limestone”’ exposed in several 
places in the Belleville quadrangle. This limestone according to Shaw 
and Udden contains a long slender form of fusulinoid fossil “quite 
different from the form of Fusulina found in the roof limestone over 
the Herrin coal.’’* 

In general, limestone at this position is not a distinctive part of 
the succession in southern Illinois, and its outcrops have scarcely 
ever been described. It is possible that its position is not far from thac 


8 Lloyd G. Henbest, personal communication (June 14, 1939). 


16 E. W. Shaw and J. E. Udden, “‘Belleville-Breese, Illinois,” U. S. Geol. Survey 
Geol. Atlas Folio 195 (1915), p. 6. 


Illinois, considerably increasing the interval between these two beds © 


2 
‘ 
re 


1524 GILBERT H. CADY 


of coal No. 8, a fairly persistent coal about midway between coal beds 
of the Carlinville-Shoal Creek group and those of the Cutler-Bankston 
Fork group. 

The Lonsdale-Piasa, Cutler-Bankston Fork correlation is one of 
the most important uncertainties of the McLeansboro succession. Its 
solution undoubtedly involves important aspects of the cyclical 
theory of sedimentation. The settlement of the controversy will in- 
volve, first, a careful scrutiny of the field relationships of both the 
Piasa and Lonsdale limestones and the determination of their relative 
positions. It will then be necessary to work out the relative position 
of the Piasa-Lonsdale succession and the Cutler-Bankston Fork suc- 
cession across Madison and St. Clair counties. It is not improbable 
that the outcrops may be adequate to establish the facts of the rela- 
tionship in this area. 


CONCLUSION 


Some of the significant uncertainties in stratigraphic identity and 
correlation in the McLeansboro formation of the Pennsylvanian sys- 
tem in the Illinois basin have been discussed. These uncertainties 
exist in spite of the considerable amount of surface mapping and de- 
lineation of the subsurface structure of the Herrin (No. 6) coal bed 
that has been undertaken. The current generalizations in regard to 
the succession do not agree in important particulars, due in part to 
the paucity of exposures, making it difficult to compile a complete 
columnar succession from the outcrops, and in part to apparent mis- 
correlation of such exposed limestones as are occasionally seen which 
are difficult to differentiate lithologically, and in further part to an 
apparent failure to determine the extent of parallelism of the out- 
cropping beds and the coal beds of which the structure has been deline- 
ated. The uncertainties involve the correlation and identification of 
the more important of the McLeansboro limestones and the interpre- 
tation of the sedimentary history of the basin, particularly the matter 
of the wedge thickening of the clastic beds toward the trough of the 
Illinois basin. 
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GOLDSMITH FIELD, ECTOR COUNTY, TEXAS! 
ADDISON YOUNG,? MAX DAVID,? anp E. A. WAHLSTROM? 
Midland, Texas 
ABSTRACT 


The Goldsmith field is on the Central Basin platform near the middle of the West 
Texas producing district. The limits of the pool have not been fully defined although 
active drilling has been going on for nearly two years. 

The Goldsmith structure is a very large, compound uplift which has grown by 
repeated movement during all geologic epochs since deposition of the producing for- 
mation. 

The oil and gas reservoir is a widespread, porous zone 400 feet below the top of the 
main Permian dolomite. An enormous volume of free gas occupies the upper part of 
this reservoir and rests on the body of oil which is 60-100 feet thick and occurs ata 
nearly constant subsea depth throughout the pool. Sulphur water is below and in con- 
tact with the oil in most parts of the pool. Porosity of this reservoir is believed to have 
been developed by subaerial erosion and solution. 


LOCATION 


The Goldsmith field is in Ector County, Texas, near the center 
of the Permian basin of West Texas and southeastern New Mexico, 
and is one of the many pools situated on or near the eastern flank of 
the major structural feature known as the Central Basin platform. 
Figure 1 shows the geographical position of the Goldsmith field with 
respect to other pools of Ector County and the town of Odessa, 15 
miles southeast. 

The Goldsmith field is still in an active developmental stage. Its 
limits have not yet heen defined at all points, although the major 
part of the ultimate producing area has probably now been outlined. 
On December 1, 1938, the field contained 588 producing wells, 3 gas 
wells, 14 drilling wells, and embraced a proved area of 16,000—17,000 
acres. 

HISTORY 


No single wildcat can properly be designated as the discovery well 
of this large fieid. During the summer of 1930, the Penn Oil Company 
and the Devonian Oil Company drilled their Goodman No. 1 near 
the east line of Sec. 27, Blk. 44, T. 1 N. This test encountered a small 
amount of free oil, and was abandoned at total depth of 4,398 feet. 
It now appears that it was located about a mile east of the east edge 
of production in the Goldsmith field. 

The Goldsmith area received no further testing for 4 years, al- 
though during that interval the North Cowden, Addis, and Harper 


1 Read before the Association at New Orleans, March 17, 1938. Manuscript re- 
ceived, June 20, 1939. 


2 Geologist, Landreth Production Corporation. 
3 Chairman, Goldsmith Pool Engineering Committee. 
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pools were discovered in other parts of Ector County. In February, 
1934, C. J. Davidson and the Atlantic Refining Company’s Cummins 
No. 1 was spudded in Sec. 10, Blk. 44, T. 1 N., 9 miles northwest of 
the old Penn-Devonian test. In May of the same year the Landreth 
Production Corporation’s Scharbauer No. 1 (later Landreth-Humble’s 
Scharbauer No. 1) was spudded in Sec. 20, Blk. 44, T. 1 N., 2 miles 


Fic. 1.—Map of Ector County, Texas, showing oil fields. Small 
circles are isolated producing wells. October, 1938. 


west of the old Penn-Devonian test. The Davidson-Atlantic well was 
completed in August, 1934, producing about 30 barrels of oil per day 
and 8 million cubic feet of gas after shot and acid treatment. The 
Landreth-Humble well encountered oil which gauged 40 barrels per 
day natural and 25 million cubic feet of gas. The operators completed 
this test as a gas well in December, 1934. 

In July, 1935, the Landreth Production Corporation completed 
their Scharbauer 1-A, Sec. 13, Blk. A, producing a small amount of 
oil and large volume of gas; and the Gulf Oil Company completed 
their Goldsmith No. 1, Sec. 10, Blk. 44, T. 1 S., producing 1,277 
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barrels per day. Following these completions the Gulf Oil Company 
and the Phillips Petroleum Company initiated a leisurely drilling 
campaign on their blocks at the south end of the Goldsmith area. By 
the beginning of 1937 several wells had established the presence of 
large-caliber production over the central part of the Goldsmith struc- 
ture, and an intensive drilling campaign was in progress. 

At the time of discovery of oil under the Goldsmith structure the 
large North Cowden pool had already been discovered and partly 
outlined. The latter was presumably a typical structure on the east 
rim of the Central Basin platform; therefore, the Goldsmith structure, 
several miles due west, was obviously an “inside fold.’”’ As such, it 
was under more than ordinary suspicion, because practically all the 
pools then known were located on the extreme edge of the platform. 


STRATIGRAPHY‘ 


The formations encountered in the Goldsmith field include Cre- 
taceous, Triassic, and Permian strata. With the exception of some 
slight variations in the dolomite section, the subsurface formations 
in the Goldsmith area are essentially the same as those found in other 
pools on the east side of the Central Basin platform. Figure 2 is a 
generalized graphic log of a typical well at Goldsmith. 


SURFACE FORMATION 


A thin layer of Lower Cretaceous “Basement” sands occurs at the 
surface throughout the Goldsmith field as well as in most of Ector 
County. These sands are about 80 feet thick and lie unconformably 
on Triassic red shales. The uppermost several feet of this “Basement 
sand” has been altered to calcareous caliche. 


TRIASSIC 


Approximately 1,500 feet of the Dockum group is present in the 
Goldsmith area. The upper 1,000 feet consists entirely of red shale. 
Below this shale a coarse red water sand, known as the Santa Rosa, 
is found. The thickness of this sand is approximately 250 feet. Under- 
lying the Santa Rosa is another red shale zone about 150 feet in 
thickness, which constitutes supposedly the base of the Triassic. 


PERMIAN 


The rest of the rock strata penetrated to date are Permian in age, 
and may be divided into four members, described briefly as follows 
in descending order. 


* See discussion by DeFord at end of this article. 
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Red silt.—These highest Permian red beds are easily distinguished 
from the overlying Triassic red beds, as they are much finer grained 
than the Triassic sands, and coarser textured and much more consoli- 
dated than the Triassic shales. In the Goldsmith field this member is 
100-150 feet thick. 
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Fic. 2.—Generalized graphic log of ce; 
encountered in Goldsmith field 


Upper evaporite—This member which is 1,200-1,400 feet thick 
is composed essentially of salt. It also includes, however, a few beds 
of red sandstone and several thin beds of polyhalite and anhydrite. 
At the very top of the evaporite series is a 40-foot bed of anhydrite 
called the Rustler anhydrite. 

Lower evaporite—This member, 1,000 feet thick, consists mostly 
of anhydrite, but also contains some salt beds, a few thin beds of 
brown dolomite, and some red and gray sandstones. Near the top is 
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the widespread, prominent Yates sand, a fine-grained red sandstone 
characterized by included large, well rounded, frosted quartz grains. 

Dolomite® section.—Lithologic details of this member of the Per- 
mian are indicated on the accompanying graphic log, Figure 3. Near 
the top is a sandy gray bed which is the most readily recognized 
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Fic. 3.—Type graphic log of dolomite section, Goldsmith field. 


marker below the Yates sand. The lower part of the dolomite is the 
reservoir rock of the main accumulation of oil and gas. 


5 W. A. Cunningham states that the limestone of the West Texas Permian basin 
should be classified as a dolomite limestone. (W. A. Cunningham, “Dolomite in the 
Permian Limestones of West Texas,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 11 
(November, 1935), p. 1686.) The writers have seen chemical analyses of cores taken 
from a single Goldsmith well, and these analyses showed the formation cored to be 80 
per cent dolomite. This figure agrees closely with dolomite percentages found by Cun- 
ningham elsewhere in West Texas. In the same sense that Cunningham uses the term 
“dolomite limestone” to mean a limestone that is dominantly dolomite, the writers 
have chosen to use the single term “dolomite’’ throughout this paper. 
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OIL AND GAS ZONES 
YATES SAND 


Sweet gas is encountered in the Yates sand in some of the struc- 
turally high wells. The initial pressures are relatively high and several 
drilling wells have “‘blown out” from this zone. In several wells it has 
been necessary to set an intermediate string of casing through the 
sand. 

The gas is not used, except for domestic purposes in the field 
camps. 

“FOSTER” GAS ZONE 


Approximately 1oo feet below the top of the “Sandy Gray” dolo- 
mite, a porous odlitic ddlomite about 50 feet thick contains volumes 
of gas up to 10 million cubic feet per day in the south part of the field. 
Traces of tar and dead oil have been noted in the cuttings; however, 
it is strictly a gas reservoir and is cased off. 

This gas “pay” occupies the same stratigraphic position in the 
section as the first dolomite “pay” in the Foster pool. In both pools 
the dolomite is oélitic and overlain by a sandy section about 100 feet 
thick. 

“NORTH COWDEN” SANDY ZONE 


Approximately 250-300 feet below the top of the “Sandy Gray” 
dolomite, a sandy zone about 100 feet in thickness is found, which is 
correlated with the main producing sand zone in the North Cowden 
pool. In the Goldsmith field, the sands are tight and dolomitic. Minor 
showings of gas have been reported from this zone in a few cable-tool 
holes. 

“GOLDSMITH” ZONE 


The main producing zone in the Goldsmith field consists of an 
upper white crystalline dolomite and a lower brown anhydritic dolo- 
mite. At the contact of these two dolomites there is no break in con- 
tinuity of the reservoir. 

“White Crystalline” dolomite——The “White Crystalline’ dolomite 
is found approximately 400 feet below the top of the “Sandy Gray” 
dolomite, and immediately below the ‘‘North Cowden” sandy zone. 

This white member is characterized by its white color and ex- 
treme crystallinity. Small amounts of crystalline anhydrite are found 
disseminated throughout parts of the member in bodies of various 
size, some of which are minute particles. Much of it appears to be 
secondary in origin. Stylolites are common; a few fossil casts are 
found. Odlitic zones are present in places and are either porous or 
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cemented by clear ice-like anhydrite and white dolomite. Secondary 
calcite has been found lining small cavity walls. 

In the south and east parts of the field, porosity is found at or 
near the top of the ““White Crystalline” dolomite and is continuous to 
and into the “Brown Anhydritic” dolomite. On the west side, a thin 
streak of porosity is encountered at the top of the white dolomite and 
is underlain by a wedge of impervious dolomite varying in thickness, 
but thickening to the west. Near the base of the white dolomite a 
rather consistent porous zone is found, which continues into the 
“Brown Anhydritic’”’ dolomite. Some wells on the east side of the 
structure near the productive limits of the pool, show that in- that 
direction the porous zone grades into a series of thin porous beds 
separated by impervious dolomite. 

“Sugary” porosity is the common type in this zone; however, 
small cavities and channels have been found in cores. Microscopic 
examination of cores and cuttings shows that the sugary zones are 
made up of small dolomite crystals haphazardly arranged and poorly 
cemented. Porosity occurs between the crystals. 

A “fusulinid” type of porosity also occurs in the white dolomite 
zone on the east side of the field. In this type the pores have the shape 
of large fusilines. However, no fossils are found, and the resemblance 
may be purely accidental. 

The thickness of the “White Crystalline’’ dolomite varies through- 
out the field. It is definitely thinner in certain of the higher parts of 
the structure and thickens off structure, particularly toward the east. 

“Brown Anhydritic” dolomite—The white dolomite is underlain 
by the “Brown Anhydritic” dolomite. It is dark brown in color and 
fairly crystalline. Relatively large amounts of anhydrite, tar, sulphur, 
and some calcite are found in this zone. 

Porosity in this “pay” is of a much poorer quality than that found 
in the white dolomite and porosity becomes poorer with depth. The 
quality of this porosity also varies areally, being best in the southern 
part of the field and poorest in the northern and northwestern parts 
of the field. 

The thickness of the “Brown Anhydritic’” dolomite is unknown, 
although as much as 400 feet has been penetrated in the Goldsmith 
area. Regional studies suggest that the contact of the ‘White Crys- 
talline” and “Brown Anhydritic” dolomites is unconformable, al- 
though there is little supporting evidence within the immediate area 
of the field. 

Permeability.—The difference in porosity and permeability of the 
two members of the producing zone is best indicated by differences in 
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performance of wells. Wells completed entirely in the “Brown An- 
hydritic” dolomite generally have daily potentials up to 1,000 barrels. 
Wells completed in the ““White Crystalline” dolomite have potentials 
ranging up to 8,ooo barrels per day. The higher productivity of the 
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Fic. 4.—Structure of Goldsmith field, contoured on top of “Sandy 
Gray”’ dolomite. Contour interval is 50 feet. October, 1938. 
white member is probably due to higher permeability rather than 
greater porosity. Cores and cuttings reveal that the pores in the 
“Brown Anhydritic” dolomite are of smaller size and to a great ex- 
tent, in some wells, are filled with secondary anhydrite. 
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STRUCTURE 


The structure map (Fig. 4) contoured on top of the “Sandy Gray” 
dolomite illustrates the subsurface structure of the Goldsmith field. 
The structural picture is incomplete at present (October, 1938) as 
the field remains undefined at several points. 

The structure is in general flat-topped with the exception of a few 
local “‘highs’”’ superimposed on the main structure. The dips are com- 
paratively gentle. The west flank of the structure dips more gently 
than the east. 

The edge of the structure is extremely irregular, particularly on 
the east side. Reéntrants and “noses” of varying size are common. 
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Fic. 5.—Northwestern Ector County, Texas. Contours show thickness of interval from 
top of “Sandy Gray” dolomite to top of “Brown Anhydritic” dolomite. 
Some of the noses and some larger features such as the “South dome” 
suggest cross-folding at right angles to the main axis extending north- 
west and southeast. 
STRUCTURAL HISTORY 


For the purpose of unraveling the successive steps in the develop- 
ment of the present Goldsmith structure the writers have drawn a 
series of three isopach maps and one structure map (Figs. 5-8, inclu- 
sive). The assumption behind the interpretation of these isopach 
maps is that areas of thinner deposition were relatively uplifted and 
areas of thicker deposition were relatively depressed during the time 
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interval indicated. This series of maps shows that the Goldsmith 
region was subjected to earth movements during all periods of time 
from the epoch of the oldest beds penetrated down nearly to the 
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; Fro. 6.—Thickness of interval from A of Yates 
sand to top of “Sandy Gray” dolomite. 
present day. However, the intensity and locus of movement were 
different in each successive time interval. 
Figure 5, covering the interval from the “Sandy Gray” to the 
“Brown Anhydritic,” indicates the topography of the Permian dolo- 
mite of northwestern Ector County at the time of deposition of the 
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beds which are now the reservoir of the Goldsmith field. The Gold- 
smith area was a large elevated mass flanked on the west by a shallow 
depression, and on the east by a deep basin. The writers interpret 
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Fic. 7.—Thickness of interval from top of Rustler 
anhydrite to top of Yates sand. 


this ancestral Goldsmith .“‘high” as a large dolomite bank (a term 
preferred to the more limited word “reef’’) facing a marine deep on 
the east. That this bank was in part of depositional origin is suggested 
by the fact that marked lithologic changes occur within the “Brown 
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Anhydritic” dolomite down the east flank of the high as compared 
with its facies on top. Downdip this formation becomes much more 
shaley and much less dolomitic. 
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Fic. 8.—Structure of Goldsmith field contoured on top of 
Rustler anhydrite. Contour interval is 50 feet. 


During the succeeding period, when beds from the “Sandy Gray” 
dolomite to the top of the Yates sand were deposited (Fig. 6), the 
earth’s crust in the Goldsmith area was relatively quiescent, as the 
maximum relief developed at this time was only about 100 feet. It 
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is interesting to note that areas now well down on the east flank of 
the structure were then among the highest parts of the structure. 

The next epoch, from the top of the Yates sand to the top of the 
Rustler (Fig. 7) is largely the time of deposition of the main salt 
body. This was probably much the shortest of any of the periods of 
time represented in this series of maps. However, it was a time of 
considerable crustal activity as a relief of more than 200 feet was 
developed. As in the preceding period, the loci of greatest uplift were 
well over on the flanks of the present structure. During this salt epoch 
there was developed the deep saddle which lies between the main 
body of the Goldsmith structure and the smaller dome at its south 
end. 

There are not enough data to draw isopach maps on periods of 
time from the Rustler formation to the present day. However, ap- 
proximately the same information is given by Figure 8, a structure 
map of the top of the Rustler. The structure shown by this marker is 
the sum of at least two distinct earth movements: an uplift of 250 
feet or more in post Santa Rosa-pre-Cretaceous time, and a broad 
regional tilting, probably Tertiary in age, which caused the beds at 
the surface to rise toward the west at a rate of 15-20 feet per mile. 
The earlier post-Santa Rosa uplift produced a broad top, a steep east 
flank. Its axis of uplift was distinctly west of the axes of preceding 
uplifts. 

To sum up the history of the Goldsmith structure: the structure 
as found to-day and as drawn on the “Sandy Gray” dolomite is the 
result of a succession of crustal movements each of which showed 
individual differences of magnitude and focus, but all of which were 
over the site of an older dolomite bank which was in existence before 
the reservoir rocks of the field were deposited. 


RELATION OF ACCUMULATION TO STRA- 
TIGRAPHY AND STRUCTURE 


The Goldsmith field produces from a common reservoir of the two- 
phase type. Gas, oil, and water are found at nearly constant subsea 
levels. Free gas is found above a subsea datum of —970 to — 980 feet 
in the main part of the pool. The gas-oil contact in the “South dome” 
is approximately —980 to —ggo feet. Figure 9 depicts by contours 
the thickness of the free-gas zone. It also indicates the individual gas 
caps. The size and location of the gas caps are determined not only 
by structure but also by the position of highest porosity within the 
“White Crystalline” dolomite, 
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In the gas-cap ‘areas a gradational zone of distillate is present be- 
tween the free gas and the oil. The manner in which gas and oil 
occur within the reservoir is shown in Figures ro and rr. 

The oil rests on sulphurous salt water. The oil-water contact varies 
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Fic. 9.—Thickness of free gas caps. Contour interval is 50 feet. 


from a subsea depth of —1,013 to approximately — 1,100 feet. Water 
has been found in both the “White Crystalline” and “Brown Anhy- 
dritic” dolomites. Figure 12 shows by contours the probable bottom- 
water level in the pool. It appears probable that fluid adjustment of 
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the water and oil has not been uniform because of poor porosity and 
permeability in the “Brown Anhydritic” dolomite. 

Bottom-hole pressure data obtained to date indicate that only in 
the “South dome” is there any effective pressure maintenance due to 
water drive. The other portions of the field are at present producing 
under volumetric control. However, where porosity and permeability 
will permit, it is probable that with declining field pressures a water 
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Fic. 11.—West-east cross section, Goldsmith field (CD on Fig. 8). 


drive will become effective in areas now under volumetric control. 

Fluid levels appear to be gradually changing since discovery. 
There is some evidence that the gas caps are expanding and the 
bottom-water level is moving upward. 


REGIONAL RELATIONS 


The Goldsmith field is one of a cluster of producing areas which are 
grouped within rather short distances of one another in Ector County. 
Measured between closest producers, the Goldsmith field is 33 miles 
from the North Cowden pool, and about 6 miles from both the Foster 
and Harper pools. 
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This group of pools exhibits several interesting similarities in 
stratigraphy, structure, and details of oil and gas accumulation. The 
producing zone at Goldsmith is stratigraphically about the same as 
the producing zones of both the Harper and Penn pools. The upper 


gas zone which occurs only over the south end of Goldsmith is corre- © 


lated with part of the pay section of the Foster pool. The equivalents 
of the main producing zones of North Cowden contain at Goldsmith 
only small showings of gas. 

The major axis of the Goldsmith structure has about the same 
northwest-southeast alignment as the axes of those other Ector 
County pools whose structures are well defined at present, that is, 
Penn, Addis, and North Cowden. However, the east-west trend of 
the local dome at the south end of Goldsmith has no counterpart 
elsewhere in the area. In actual height, the top of the main dolomite 
at Goldsmith is higher than any other part of Ector County except 
Penn pool which is 300 feet still higher. 

As limited by its gas-oil and oil-water contacts, the body of oil 
at Goldsmith has a more definite position with respect to sea-level 
than oil accumulations of the other pools in Ector County. However, 
roughly, the subsea depth of oil at Goldsmith is the same as the higher 
part of the oil accumulations at North Cowden, Foster, and Addis 
pools. In the Harper pool, oil occurs at least 50 feet higher than at 
Goldsmith, and oil at Penn pool is at least 350 feet higher than at 
Goldsmith. 

The Goldsmith reservoir is similar to the North Cowden and Addis 
reservoirs in that all three have free-gas caps immediately overlying 
the oil body. The gas-oil contacts at North Cowden and Addis pools 
can not be defined as closely as at Goldsmith, nevertheless in both 
pools the contact is at about 1,000 feet below sea-level, or very nearly 
the same as at Goldsmith. A little free gas occurs in the Foster pool 
in a few of the structurally highest wells at about 1,000 feet below 
sea-level. There is no free gas in the Harper and Penn pools. 


ORIGIN OF POROSITY 


The origin of porosity in limestone reservoirs has been explained 
by various theories, principally (1) solution associated with uncon- 
formities, (2) dolomitization, and (3) original porosity, including po- 
rosity occurring with reef growth. 

With regard to the origin of porosity in the Goldsmith reservoir, 
the following facts are pertinent. 

1. The reservoir rocks are overlain by sands or sandy dolomites 
which constitute a marked change in sedimentation over the nearly 
pure dolomites below the contact. 
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2. The dolomite of the pay zone is exceptionally crystalline. 

3. Fossils are practically absent. 

4. Porosity is encountered at the top ora few feet into the ““White 
Crystalline” dolomite. 

5. Porosity becomes poorer with depth and ultimately disappears. 

6. Porosity is poorer on the west flank and parts of the east flank. 

7. Pore spaces vary in size from capillary openings to small cavi- 
ties and channels. 

8. The areal and vertical distribution of porosity conforms more 
closely to the earlier attitude of the reservoir rock, as indicated by 
isopach maps, than it does to the present structure. 

The writers believe that most of the facts here cited favor the 
theory that porosity at Goldsmith was developed by subaerial erosion 
and solution during a break in deposition now marked by an uncon- 
formity. 

The presence of sand overlying the reservoir rocks marks a defi- 
nite sedimentary break. (In fact, practically every dolomitic limestone 
reservoir in the Permian basin is overlain by a sand or sandy section.) 
It therefore seems logical to place an unconformity at the top of the 
“White Crystalline” dolomite. 

Irregularities in both the horizontal and vertical distribution of 
porosity, as shown in a generalized way on the cross sections, indicate 
that development of porosity at Goldsmith can not be completely 
explained as due to a single simple period of subaerial exposure of a 
dolomite mass of uniform composition. The most widespread porous 
sub-zone is not at the top of the “White Crystalline” dolomite but 
at its base, and in the top of the subjacent “Brown Anhydritic” 
member. Throughout most of the west side of the pool, the “White 
Crystalline” dolomite above this porous sub-zone is largely impervi- 
ous. The absence of porosity in parts of the reservoir rock which are 
elsewhere porous may be due to relatively greater insolubility (in- 
cluding less jointing and fracturing) and is probably due in part to 
the fact that some portions of the dolomite, although now structur- 
ally high, were not above water at the time that equivalent beds were 
undergoing subaerial leaching. In addition, before the deposition of 
the “North Cowden” sandy zone, the history of the Goldsmith dolo- 
mite mass was probably a complex succession of small downward and 
upward movements of the emergent dolomite, hence of fluctuating 
water tables; and even brief periods of complete submergence with 
renewed sedimentation—in short, a series of geologically short-lived 
events which have left no record other than apparent vagaries in 
distribution of porosity within the reservoir strata. 
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DRILLING AND PRODUCTION PRACTICES 


Drilling practice—Cable-tool, rotary, or a combination of both 
methods of drilling wells have been used in developing the field. How- 
ever, the rotary method is used to a greater extent than cable tools. 

The only addition to conventional rotary practice is the use of 
“pressure’’ drilling methods in the pay zones below the oil string, oil 
being used as the circulating medium. No trouble is encountered with 
rotary tools except an occasional blow-out from the small volumes of 
gas at fairly high pressures in the Yates sand on some high structural 
wells; consequently, there is no drilling-mud problem. 

Accurate records of drilling time per foot are usually kept while 
drilling the pay zone. This information, along with examination of the 
rotary samples, furnishes valuable information on the porous and non- 
porous sections of the pay zone. 

A few operators core the entire pay section from the oil-string 
casing seat to the total depth for lithologic and pay information. 

Cable tools are used extensively to drill into the pay zone in the 
areas of low pressure and low permeability. One operator standardizes 
on top of the salt after setting and cementing an intermediate string 
of casing at this point. 

Casing.—Two or three strings of casing are usually run and ce- 
mented, the prevailing program being the use of a surface and an oil 
string. 

Surface casing ranging from 13-inch to 8§-inch outside diameter 
is run and cemented through the surface sands at various depths 
between 200 and 400 feet. 

Oil strings ranging from 5}-inch to 7-inch outside diameter are 
run and cemented in the solid limestone section above the pay zone 
at depths ranging from 3,750 to 4,200 feet. 

In the gas-cap areas of the field an effort is made to set the oil 
string at or below the gas-oil contact. The gas-oil contact is located by 
setting the oil string at a subsea depth where the gas-oil contact has 
been found in the particular area, by noting the gas-oil contact by 
means of saturation in cores or samples, by the use of drill-stem tests, 
and by the use of bottom-hole temperature surveys. 

The penetration into the pay section can be safely determined 
from bottom-water table maps (Fig. 12). A sufficient number of wells 
have been drilled into the bottom-water zone to give good control 
in the field. 

-All wells are tubed as close to total depth as possible with either 
2-inch or 23-inch tubing. 
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Acidizing and shooting.—After reaching total depth all wells are 
either acidized or shot, or both, to increase well potentials, the choice 
of the methods used depending on the operator and the area. Acidizing 
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Fic. 12.—Map showing attitude of bottom water by contours drawn on 
bottom-water table. Contour interval is 20 feet. October, 1938. 

is preferred by the majority of the operators as the cheaper method 
and one that leaves the bore hole in condition for future corrective 
work. The industry is familiar with the difficulties encountered in 
trying to reduce high gas-oil ratios or shutting off bottom water in a 
limestone shot hole. 
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Two methods of acidizing are used to confine acid to the lower oil- 
bearing parts of the pay section during treatment so that acid will not 
penetrate the upper gaseous portions of the “‘pay” and increase the gas- 
oil ratio: the two-pump method and the “floating” of acid into the 
well. In the two-pump method the tubing is run and set a few feet 
above the bottom of the hole and oil is pumped down the annular 
space while acid is being pumped down the tubing, the oil being 
pumped at a rate high enough to confine the acid to the lower part of 
the pay section. “Floating” in acid is a process in which acid is 
pumped down the tubing with a very low tubing pressure, and at such 
rate that the tubing pressure will not exceed the original tubing pres- 
sure, the object being to “‘syphon”’ the acid into the lower portion of 
the pay zone. 

The conventional methods of shooting with nitroglycerine are used 
in the field, and an attempt is made to confine the shot to the porous 
parts of the pay zone rather than to shoot the entire open-hole section 
below the oil string. 

Analysis of oil—Table I shows an analysis of oil in the Goldsmith 
field made by the United States Bureau of Mines. 


TABLE I 
ANALYsIS OF TyPICAL SAMPLE OF CRUDE FRoM GOLDSMITH FreLp 
GENERAL CHARACTERISTICS 
Specific gravity, 0.854 A.P.I. gravity, 34.2° 
Per cent sulphur, 1.90 Color, dark green 
Saybolt Universal viscosity at 77°F., 54 seconds 
Saybolt Universal viscosity at 100°F., 46 seconds 


DISTILLATION, BUREAU OF MINES HEMPEL METHOD 


Dry distillation Varometer 745 mm. ve First drop: 34°C. (93°F.) 

Tempera- Per Degree. 8 Temperature 
ture Cent AP I. Degrees 

Cut of Cut 100°F. 

Upto so Up to 122 
50- 75 122-167 
75-100 4-5 4-5 0.691 73-3 167-212 
100-125 6.0 10.5 +734 61.3 212-257 
125-150 6.7 17.2 -758 55.2 257-302 
150-175 6.9 24.1 - 780 49-9 302-347 
175-200 2.9 27.0 -794 46.7 347-392 
200-225 5-5 32-5 809 43-4 392-437 
225-250 5-7 38.2 .821 40.9 437-482 
250-275 7-5 45-7 -835 38.0 482-572 


5 
Vacuum distillation at 40 mm. 


Up to 200 3.5 2.3 0.851 34.8 40 10 Up to 392 
200-225 6.1 9.2 . 860 33-0 46 30 392-437 
225-250 5-5 14.7 .872 30.8 58 45 437-482 
250-275 5.2 19.9 -884 28.6 85 60 482-527 
275-300 7.2 27.1 -895 26.6 150 75 527-572 

Carbon residue of residuum 9.9 per cent. Carbon residue of crude 2.5 per cent. 
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APPROXIMATE SUMMARY 


Degrees 
Light gasoline 4°5 0.691 73-3 
Total gasoline and naphtha 27.0 -751 56.9 
Kerosene distillate .815 42.1 
Gas oil 15.6 -846 35.8 
Nonviscous lubricating distillate 10.6 0.864-0.886  32.3-28.2 50-100 
Medium lubricating distillate 8.4 .886- .gor 28.2-25.6 100-200 
Viscous lubricating distillate _ _ _ Above 200 
Residuum 25.0 -961 15.7 
Distillation loss 2.2 _— 
E. L. Garton 
Sept. 3, 1937 


Gas.—Table II is an average gas analysis of five gas wells located 
in various parts of the field. The gasoline content of the gas ranges 
from } gallon per 1,000 cubic feet to 3 gallons per 1,000 cubic feet, 
depending on the gas-oil ratio, separator pressure and the temperature 
under which the sample is taken. 


TABLE II 
AVERAGE ANALYsIS OF GAS FROM GULF’s GoLpsmITH No. 11, SE. }, 27, BLK. 44, 
T.1 S., Gutr’s GotpsmitH No. 21, NW. 3, Sec. 3, BLK. 44, T.1 S., LANDRETH’s Cum- 
mins No. B-2, SE. }, Sec. 24, BLK. 45, T.1 N., LANDRETH’s SCHARBAUER No. D-1, 
NW. }, Sec. 32, BLK. 44, T.1 N., LANDRETH’s SCHARBAUER No. K-1, SW. }, SEc. 34, 


BLK. 44, T.1 N. 
Per Cent 
Methane 58.79 
Ethane 18.09 
Propane 13.84 
Iso-butane 1.10 
N. butane 4.63 
Iso-pentane 0.60 
N. pentane 1.10 
Hexanes 1.85 
Total 100.00 


Considerable effort is made to drill and produce the wells in such 
a manner that the maximum amount of free-gas energy is saved in 
the field. In event the oil string has been set too high, or the well 
acidized with resulting high gas-oil ratio, the practice has been either 
to set a formation packer below the free-gas zone with a Fibrotex- 
Aquagel fluid seal above the packer, or squeeze off the gas zone with 
cement, or set and cement a liner below the free-gas zone. 

It has been found that approximately 800 cubic feet of gas is found 
in solution per barrel of oil at reservoir pressures of 1,500 pounds. A 
gas-oil ratio in excess of 800 cubic feet per barrel indicates that free 
gas is being produced from the formation. 

The weighted average field gas-oil ratio has been reduced by cor- 
rective work and improved completion practices since the discovery 
of the field, data as follows. 
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Survey Number of Wells Gas-Oil Ratio 
(Cu. Ft. per Bbl.) 
April, 1937 69 ; 5,638 
August, 1937 186 4,491 
Nov.—Dec., 1937 331 2,400 
April, 1938 430 2,202 
July-Sept., 1938 526 1,628 


A gas displacement factor of 5,000 cubic feet per barrel is in effect 
in the field. A well producing in excess of 5,000 cubic feet per barrel 
will have its allowable reduced in proportion to a fraction of 5,000 
cubic feet divided by the actual producing gas-oil ratio. This gas 
limit per well for the field stimulates remedial work in event a well is 
completed with a high gas-oil ratio, since the daily allowable of the 
well is reduced with increased gas-oil ratios. 

W aters.—Table III shows typical analyses of surface water, Triassic 
water, and the bottom or edge waters encountered to date in the field. 


TABLE III 
SuRFACE WATER 


SAMPLE OF WATER FROM LANDRETH CAMP WATER WELL, SW. }, SEC. 28, BLK. 44, T.I N. 


Reacting Values 
P.P.M. Per Cent 

Na 87.9 15.85 
Ca 114.0 23.73 
Mg 29.9 10.42 
SO, 340.0 29.60 
Cl 55-0 6.25 
HCO; 100.8 14.15 
SiO. 26.8 

Total P.P.M. 754-4 100.00 


SANTA Rosa WATER 


SAMPLE OF WATER FROM 1,030-FOOT WATER WELL ON AMERICAN-MARACAIBO’S 
SCHARBAUER LEASE, SW. }, SEC. 19, BLK. 44, T. I N. 


Reacting Values 
P.P.M. Per Cent 

Na 1,138.7 46.22 
Ca 42.8 1.89 
Mg 22.6 1.89 
SO, 1,204.8 23.40 
Cl 725.0 19.10 
HCO; 237.6 7.50 
SiO, 14.0 

Total P.P.M. 3,385.5 100.00 


Borrom-HoLte WATER 


SAMPLE OF WATER FROM 4,233-4,235 FEET FROM LANDRETH CUMMINS NO. IA, 


Sw. 3, SEC. 10, BLK. A, P.S.L. 


Reacting Values 
P.P.M. Per Cent 

Na 32,110.2 43-72 
Ca 2,698.9 4.24 
Mg 788.9 2.04 
SO, 4,046.6 2.64 
Cl 52.900.0 46.73 
HCO; 597.6 0.63 
SiO, 32.0 

Total P.P.M 3,174.1 100.00 
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Fic. 13.—Bottom-hole pressures, Goldsmith field, as of June, 1938, corrected to 800 feet subsea. Contour interval is 50 feet. 


SCALE 
4 mile 


| TWP.1/S/. 


JO 103 ‘play ‘saamnd uo pur ‘sjjam Jo Jaquinu ajoy-w0}}0q ‘Oly 


eye 

= 

/ 
Va 0000s! J 

/ 

(000080 
5 


ads 


2 

if 

ra 4 

A 

é 

= 

4 
Z 


isso A. YOUNG, M. DAVID, AND E. A. WAHLSTROM 


Bottom-hole pressure ——A bottom-hole pressure map at 800 feet 
subsea as of June, 1938, is shown in Figure 13. 

The composite curve of the Goldsmith field (Fig. 14) shows the 
bottom-hole pressure decline of the field, compared with monthly 
withdrawals, accumulated production, number of wells, and the 
weighted average gas-oil ratio by surveys. 

Proration.—The proration order in effect in the field distributes 
the field allowable to 20-acre units on the basis of 50 per cent acreage 
and 50 per cent potential. Wells are spaced to give a 20-acre spacing 
by two different plans: wells may be located 440 feet from property 
lines and 880 feet apart, the result being that a 160-acre tract will 
take 8 wells, the center location being left undrilled; or, wells may be 
located 330 feet each way from two diagonally opposite corners of 40- 
acre tracts, this “staggered”’ plan also resulting in 8 wells to each 160 
acres. 

The potentials of wells are established by 12-hour tests, the 24- 
hour potential being the product of the last 6 hours’ production 
multiplied by 4. 

As mentioned under “Gas”, the allowable production of wells 
with high gas-oil ratios is further limited by the gas displacement 
factor. 
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DISCUSSION 


Ronatp K. DeForp, Midland, Texas (discussion received, June 109, 
1939). In the projected West Texas-New Mexico symposium a scheme of 
sedimentary nomenclature is used that involves new names as well as names 
already widely known. Many readers will like to know how this scheme is to 
be applied to the described section of the Goldsmith field. 

The manuscript of this excellent paper was read in advance of publication 
by several of the Midland, Texas, geologists who are helping to edit the sym- 
posium. The following is a sort of consensus of Midland geologists on the 
proper correlation,—that is, it is an editorial and not a personal comment, 

The true base of the Rustler formation is probably at the base of the sand 
at 1,600 feet in Figure 2. 

The new names that will be proposed in the symposium are: Dewey 
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Goldsmith Paper (Figs. 2 and 3) | Symposium 
Lower Cretaceous Lower Cretaceous 
Paluxy sandstone 
Triassic Triassic 
Dockum group Dockum group 
Santa Rosa sandstone............)..... Santa Rosa sandstone 
Permian Permian 
Upper evaporite 
Rustler formation 
Upper Castile (or Salado) halite 


Dolomite section 
“Sandy Gray” dolomite to “North 
Cowden” sandy zone, inclusive 
(Fig. 3) 


“Brown Anhydritic” dolomite 
(Fig. 3) 


“White Crystalline’ dolomite 


Whitehorse group 


Tansill formation 
Yates sand 
Benes Seven Rivers and Queen formations 


ere Grayburg formation 


behead Upper San Andres limestone 


Lake by Page and Adams; Tansill by DeFord, Riggs, and Wills; Grayburg 


by Dickey. 


E. Russei Lioyp, Midland, Texas (discussion received, June 19, 1939). 
The origin of porosity in dolomitic limestones is a problem which has not 
been solved satisfactorily and is a subject deserving extended research. The 
authors of the paper on the Goldsmith field present certain lines of evidence 
which, in their opinion, indicate that the porosity at Goldsmith was developed 
by subaerial erosion and solution during a break in deposition now marked 


by an unconformity. 


I have long favored the theory that porosity as developed in the Permian 
dolomitic limestones of West Texas and New Mexico is essentially primary 
porosity developed contemporaneously (reef limestones, odlites, coquinas and 
lime sands), or quasi-contemporaneously (dolomitization), with the deposi- 
tion of the limestones. Such primary porosity would obviously be modified 
by circulating waters. In some places openings would be enlarged by solution; 
more commonly they would be restricted by cementation and by deposition 
of calcite and anhydrite as cavity linings. Restricted porosity in some parts 
of the Goldsmith field is explained largely by deposition of secondary anhy- 


drite. 
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The evidence presented regarding the Goldsmith field is not sufficient, 
in my estimation, to warrant a modification of my theory. Porosity in this, 
as in many other fields of West Texas and New Mexico is found from a few 
feet to several hundreds of feet below a pronounced unconformity. This is 
readily explained by the theory cf primary porosity but not so easily ex- 
plained under the theory of porosity developed by erosion and solution. 

The problem is a highly impcrtant one to the oil industry and deserves 
extensive study. All lines of evidence—and they are many—should be thor- 
oughly investigated and the results analyzed dispassionately. It is only by 
such thoroughgoing research and analysis that we may reach a satisfactory 
explanation of the origin of limestone reservoirs. 


‘a 
rig rik 
erg 
ay 
4 
ay 
& ‘ 
a 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL 23, NO. 10 (OCTOBER, 1939), PP. 1553-1559, 4 FIGS. 


TYPE LOCALITY OF CITRONELLE FORMATION 
CITRONELLE, ALABAMA! 


CHALMER J. ROY? 
University, Louisiana 
ABSTRACT 


The type locality of the Citronelle formation, as designated by Matson in 1916, 
is significant mainly because of the exposure of plant-bearing clays near Lamberts 
Station about 5 miles south of Citronelle, Alabama. The flora from these clays was cor- 
related with the Pliocene by Berry. Recent studies have shown that these clays are 
faulted and overlain unconformably by the sands of the so-called Citronelle formation. 
The structural evidence indicates that the clays are older than the sands so that the 
flora of the clays can not be used to correlate the sands. It is suggested that the term 
Citronelle, as a formation name, be dropped. 


INTRODUCTION 


In November, 1936, the writer visited the type locality of the 
Citronelle formation with a group of faculty members and graduate 
students from Louisiana State University. On this occasion their ob- 
servations at the fossil plant locality, near Lamberts Station, indi- 
cated that the plant-bearing clays were not a part of the Citronelle 
formation. At the suggestion of Professors H. V. Howe and R. J. 
Russell the writer made two additional visits to this locality during 
the winter for more detailed observations. To William Romans, to the 
members of the field party mentioned, and especially to Professors 
Howe and Russell the writer is indebted for assistance in the field and 
also in the preparation of this paper. 

Matson,* the author of the term Citronelle, chose the town of 
Citronelle, Alabama, as the type locality “because of the excellent 
exposures of the formation in its vicinity, especially to the north along 
the railroad for a distance of 3 or 4 miles.” Added significance of this 
area as a type locality is the presence of plant-bearing clays, which 
Matson believed to be a part of the Citronelle formation, exposed in 
a railroad borrow pit at Lamberts Station about 5 miles south of 
Citronelle. It was from these clays that Matson collected all but two 
of the plant fossils used by Berry* to determine the Pliocene age of 
the Citronelle. 

It is the purpose of this paper to bring out the relationship of the 

1 Read before the Association at New Orleans, March 16, 1938. Manuscript re~ 
ceived, June 3, 1938. 

2 School of Geology, Louisiana State University. 


3G. C. Matson, “‘The Pliocene Citronelle Formation of the Gulf Coastal Plain,’’ 
U. S. Geol. Survey Prof. Paper 98 (1916), pp. 167-92; abst., Washington Acad. Sci. 
Jour., Vol. 6 (1916), p. 663. 

4 E. W. Berry, ‘The Flora of the Citronelle Formation,” U. S. Geol. Survey Prof. 
Paper 98 (1916), pp. 193-208. 
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plant-bearing clays to the sands and gravels at the Lamberts locality. 
It is believed that this relationship precludes the possibility of ac- 
curately dating the sands and gravels by means of the fossil flora in 
the clays. 

DESCRIPTION OF LAMBERTS LOCALITY 


The borrow pit is located along the east side of the Mobile and 
Ohio Railroad tracks at mile post 27 (27 miles north of Mobile). 
The pit is about 500 feet long parallel with the tracks and averages 
about 100 feet wide. The floor of the pit is level with the tracks except 
for the southern third which has been dissected by recent erosion. 
The eastern wall is about 20 feet high (Fig. 1). 


ed We Covered! 
AN =) 
Ad 


Fic. 1.—Composite section of wall of borrow pit and drainage ditch along track. 
Horizontal scale, 1 inch equals approximately 100 feet; vertical scale, 1 inch equals 25 
feet. X indicates places where fossil plants were collected 


The best exposure of the plant-bearing clays is in the drainage 
ditch along the tracks at about the middle of the pit. Smaller and 
more weathered outcrops of the clays occur in the cliff at the back of 
the pit (Fig. 1). The clay beds at their southernmost exposure in the 
ditch strike N. 45° E. and dip 18° NW. (Fig. 2). About 50 feet north in 
the same ditch the clay beds are essentially horizontal. 

South of the clay exposures in the ditch, erosion has exposed the 
material underlying the south end of the pit. This material is a “brec- 
cia” consisting of subangular fragments of interlaminated red clay 
and white sand in a matrix of white sand. These fragments vary in 
size from small pebbles to blocks 18 inches in greatest dimension. 
This same “breccia” material is exposed in the cliff at the back of the 
pit near the south end. On the hillside at the south end of the pit this 
“breccia” crops out at the surface whereas at the top of the hill it is 
overlain by about 6 feet of sand and gravel. 

The plant-bearing clays are separated from the “breccia” by a 
fault which is well exposed in the drainage ditch and in several ad- 
jacent gullies (Fig. 3). The fault plane is marked by a thin layer of 
“sand rock” which is firmly cemented with limonite. The attitude of 
the fault plane is not easily determined but several readings taken on 
the indurated sand rock average N. 60° E. for the strike, and dip 
readings and bore-hole evidence indicate a dip of about 60° N. No 
means was found for determining the true stratigraphic displacement 
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on the fault, but the evidence available indicates a minimum of about 
20 feet. The relatively steep dip of the clays near the fault plane and 
in the same direction as the dip of the latter is interpreted as a drag 
effect and indicates that the fault is normal. The origin of the “‘brec- 
cia” material is not clear but the large volume of the material seeins 
to preclude the probability of its being a fault ‘“‘breccia.”’ The nature 
of the fault does seem to indicate that the “breccia” is older than 
the plant-bearing clays. 


Fic. 2.—Dipping beds of fossiliferous clays exposed in drainage ditch just north (left) 
of exposure of fault plane. (See Fig. 3.) 

Fossil plants similar to those in the track-side ditch were collected 
at several places along the cliff (Fig. 1). At one place (Fig. 4) the clays 
are sandy and overlain with a distinct unconformity by the sands and 
gravels above. That the sands are younger than the faulting of the 
clays is indicated by the fact that the sand beds pass over the fault 
without evidence of disturbance. In the immediate vicinity of the 
fault the base of the sands is marked by a layer of “‘sand rock” about 
3 inches thick which is not affected by the fault. 


AGE OF PLANT-BEARING CLAYS 


Berry® has shown that the plant-bearing clays should be correlated 
with the Pliocene. A small collection of these plants was sent to Wil- 
E. W. Berry, op. cit. 
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liam Darrah® at Harvard University who concluded that they were 
either Pliocene or perhaps late Miocene in age. 


Fic. 3.—Exposure of fault plane in drainage ditch (lower left). Clays left and white 
sands of apreccia” right. Outcrops of sand rock marking fault may be seen in gullies in 
middle foreground and beneath figure in background. 


RELATIONSHIP OF LAMBERTS LOCALITY TO EXPOSURES 
NORTH OF CITRONELLE 


The exposures which Matson designated as the type locality of the 
Citronelle are found chiefly in cuts along the Mobile and Ohio Rail- 
road north of the town of Citronelle. These exposures consist mainly 
of coarse sands with subordinate amounts of gravel, and locally, thin 
clay lenses. The exposures are so closely spaced along the tracks that 
it is possible to trace the sands and gravels from the type locality to 


* Personal communication, 1937. 
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Lamberts without serious interruption. There seems to be no reason 
to doubt that the sands and gravels at Lamberts represent the same 
period of deposition as those north of Citronelle. 

The writer has examined all of the cuts from a point 5 miles north 
of Citronelle to mile post 26 a mile south of Lamberts and in none, 
except the one described, did he find plant-bearing clays. 


Fic. 4.—Exposure in back of pit showing sandy, plant-bearing clays 
overlain unconformably by coarse sands and gravels (dark). 


AGE OF SANDS AND GRAVELS 


The essential agreement of Berry and Darrah concerning the age 
of the clays at Lamberts leaves little doubt that the clays are at 
least as old as the Pliocene. The evidence presented here indicates that 
the sands and gravels which Matson called Citronelle are younger 
than the clays and therefore Pliocene or younger. In discussing these 
deposits with Gulf Coast geologists the writer has found that in 
general they consider the so-called Citronelle to be Pleistocene. In 
the literature most writers have followed Matson and placed the 
Citronelle in the Pliocene. 


FUTURE USE OF TERM CITRONELLE 


The term Citronelle is now widely used by Gulf Coast geologists 
to designate the oldest of the surface gravel and sand deposits in 
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Alabama, Mississippi, and Louisiana, as contrasted with the younger 
Beaumont and Port Hudson formations and terrace deposits. Doer- 
ing’ has recently proposed the name Willis for these deposits, giving 
the town of Willis in Montgomery County, Texas, as the type local- 
ity. In Texas the Willis rests on the Goliad formation which contains 
Pliocene fossils and is overlain by the Lissie formation which contains 
Pleistocene fossils. Doering concluded that the Willis must be either 
late Pliocene or early Pleistocene. He recognized widespread gravel 
deposits landward from the outcrop of the Willis (‘Willis cuesta’’) 
and considers them to be residual deposits “derived largely from the 
destruction of the interior extensions of the Willis formation.’”’ He also 
recognized the unconformity between the plant-bearing clays and the 
overlying sands at Lamberts Station. As his term Willis is intended 
to replace the term Citronelle he proposes a new usage for the latter 
term. 

Since it would be convenient to have a name for this interior type of resid- 
ual deposit, the writer [Doering] suggests the restriction of the name ‘“‘Citron- 


elle” to this usage. This restricted usage would still fit the type locality and 
a greater part of the “formation” which has been called by this name. 


After presenting this paper at the New Orleans meeting of the 
Association, the writer had an opportunity to discuss the problem 
with both Matson and Doering. Doering was kind enough to supply 
written comments on his present views. Since publishing the paper 
already referred to, Doering has mapped areas in south Mississippi 
and southwestern Alabama, including the Citronelle area. He has con- 
cluded that the sands and gravels at Citronelle are really Willis and 
not younger as he had previously thought. 

Doering suggests in his written comments® that “‘we must decide 
between the names Willis and Citronelle.’”’ This involves, of course, 
the assumption that his reconnaissance mapping of the Willis is 
correct. 

With regard to priority it seems that the term Citronelle should be 
retained in preference to Willis. However, the same might be said, 
on the same basis, for the terms Lafayette, Diluvium, Orange sand, 
and others which were in common use before Matson proposed Citron- 
elle. On the other hand, the same criticisms can be made of the term 
Citronelle that were made of the older terms. The type locality of the 
Citronelle is imperfectly described. The term has been misused when 

7 John Doering, ‘‘Post-Fleming Surface Formations of Coastal Southeast Texas 


and South Louisiana,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 5 (May, 1935), pp- 
651-88. 


8 Personal communication, 1938. 
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applied to deposits which are not correlative with the type locality. 
The type locality seems to include more than one formation, that is, 
the plant-bearing clays and the overlying sands. 

The writer is not prepared to accept Doering’s conclusion that the 
sands at Citronelle can be correlated with his Willis formation in 
Texas. This correlation must await the completion of detailed map- 
ping by means of which it may be possible to establish its validity. 
The writer is convinced that the principal difficulty in the terminology 
of these deposits is the lack of detailed mapping in wide areas. Surface 
sand and gravel deposits similar to those discussed by Matson and 
Doering occur throughout the Gulf Coastal Plain. The mapping and 
correlation of these deposits are primarily physiographic problems 
due to the general absence of indigenous fossils and also to the fact 
that they mantle rocks of various ages from Paleozoic to Pliocene(?). 
Due to the lack of accurate topographic maps for much of the Gulf 
Coast, an accurate study of these deposits is almost impossible at 
present. 

What seems to be a desirable solution to the question of names for 
these surface deposits will appear soon in a bulletin of the Louisiana 
Geological Survey by Fisk.® He recognizes a series of four terrace de- 
posits in central Louisiana which he considers to be Pleistocene in 
age. The older of these terrace deposits consists of materials generally 
referrred to as Citronelle. Of interest here is his statement regarding 
the naming of these deposits. 

In Grant and La Salle Parishes, fluviatile equivalents of the coastwise 
[Pleistocene delta] sediments clearly reflect structural movements which 
separated the Pleistocene Series into distinct units. Local names given the 
fluviatile deposits in Grant and La Salle Parishes are not introduced to com- 
plicate the literature but to distinguish local stages of deposition. Individual 
deposits have not been traced for great distances as yet, and their only dis- 
tinction is in their structural and topographic relationships. Until they are 
shown to be extensive units they cannot be considered formations. In this 
report, therefore, they are regarded as members of the Pleistocene Series and 


their relationship to meaningless formational terms is considered unimpor- 
tant. 


It seems useless at this time to try to apply any formational name 
to these deposits. The writer therefore suggests that the term Citron- 
elle be dropped for reasons already given and also because it appears 
to be useless. The acceptance of any other formational name should 
await the completion of detailed mapping of wide areas and the 
demonstration that these deposits constitute a definite formation. 


°H. N. Fisk, “Geology of Grant and La Salle Parishes,’’ Louisiana Geol. Survey 
Bull. 10 (1938), pp. 149-72. 
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GEOLOGICAL NOTES 


BOUNDARY BETWEEN OLIGOCENE 
AND MIOCENE! 


C. WYTHE COOKE? - 
Washington, D. C. 


From time to time the question is raised as to where to draw the 
boundary between the Oligocene and Miocene in the United States. 
This is a question that has little practical importance because it does 
not affect in any way the local correlation of geologic formations in 
North America. The answer to it depends on, first, the decision as to 
where to draw the boundary in Germany and Belgium, where the 
Oligocene is typically developed, and, second, the accurate correlation 
of the Upper Oligocene and Lower Miocene beds of Europe with for- 
mations in North America. If there are intermediate beds in America 
that are not represented in Europe, then the placing of the boundary 
within those limits becomes a local problem. 

Beyrich’s original definition of the Oligocene included beds in 
Germany and Belgium that are now called Sannoisian, Rupelian, 
and Chattian. The next younger stage is the Aquitanian; then follow 
the Burdigalian and the Helvetian. The upper boundary of the Oligo- 
cene as drawn in the United States has been shifted from time to 
time with differing interpretations as to what is Oligocene and what 
Miocene in Europe (Table I). Dall regarded the Aquitanian and 


TABLE I 
SupposEeD EQuiIvVALENTS IN EUROPE AND AMERICA 


= 
Pontian 
tian ‘ormation 
2 3 Tortonian ? 
= » 
3 3 | Helvetian Alum Bluff group 
Aquitanian | Anguilla | Tampa 
formation | limestone 
F R i Antigua | Suwannee Flint River Chickasawhay 
i to} limestone | limestone formation | Vicksburg | marl 
o/s —? ? group 


1 Manuscript received, March 14, 1938. 
2 United States Geological Survey. 
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Burdigalian as Oligocene and drew the line at the base of the Helve- 
tian. Accordingly he classified the supposedly Aquitanian Tampa 
limestone and Chipola formation as Oligocene.* Woodring‘ regards the 
Aquitanian and Burdigalian as Lower Miocene and therefore presum- 
ably would draw the boundary at the base of the Tampa limestone. 
This is the current practice of the United States Geological Survey. 

The Vicksburg group has been classified as Oligocene chiefly be- 
cause it lies between the Eocene and the Miocene. The Antigua lime- 
stone of the West Indies is classified as Oligocene because it contains 
a large coral fauna that Vaughan regards as of Rupelian age. If this 
correlation is correct, at least part of the Antigua is Middle Oligocene. 
The equivalents in the United States appear to be the Suwannee lime- 
stone’ of Florida, the Flint River formation of Georgia and eastern 
Alabama, and the Chickasawhay marl of western Alabama and 
eastern Mississippi, all of which, in the writer’s opinion, are of Vicks- 
burg age.® The last two units contain two species of Lepidocyclina and 
several mollusks in common with the Antigua. The Suwannee, the 
Flint River, and the Chickasawhay are therefore classified as Oligo- 
cene by the United States Geological Survey. This reference to the 
Oligocene is confirmed by their stratigraphic relations, for the Suwan- 
nee and the Flint River are known to be older than the Tampa, and 
the Chickasawhay appears to be their equivalent. 

The final decision as to where to draw the Oligocene-Miocene 
boundary in the United States must await the firm establishment of 
intercontinental correlations. 

3 W. H. Dall, ‘A Table of the North American Tertiary Horizons, Correlated with 


One Another and with Those of Western Europe, with Annotations,” U. S. Geol. Survey 
Ann. Rept. 18 (1898), Pt. 2, table facing p. 334. 


4W. P. Woodring, “Miocene Mollusks from Bowden, Jamaica,” Carnegie Inst. 
Washington Pub. 385 (1928), table facing p. 41. 


5 W. C. Mansfield, “‘Mollusks of the Tampa and Suwannee Limestones of Florida,” 
Florida Dept. Conservation Geol. Bull. 15 (1937), pp. 46-62. 


® C. Wythe Cooke, ‘“‘Notes on the Vicksburg Group,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 19 (1935), pp. 1162-72. 


CAMBRIAN INLIER IN NORTHERN ILLINOIS! 


ARTHUR BEVAN? 
Charlottesville, Virginia 


Introduction—During the summer of 1923 the writer was em- 
ployed by the Illinois State Geological Survey to make a detailed 


1 Published by permission of the chief of the Illinois State Geological Survey. 
Manuscript received, July 30, 1939. 


2 State geologist of Virginia. 
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study and areal geology map of the Oregon Quadrangle. Oregon is 
located southwest of Rockford, about 80 miles west of Chicago and 
30 miles south of the Wisconsin boundary. In the course of that work 
it was discovered that the structure and geologic relations of the 
Ordovician strata in the vicinity of Oregon were more complex than 
had previously been interpreted. More detailed work later in a small 
critical area, supplemented by laboratory studies of the sediments, 
led to the conclusion that certain beds previously considered part of 
the St. Peter sandstone were actually Cambrian, occurring as an 
inlier. 

Exposed Cambrian beds had not been previously reported in 
Illinois, and these are the oldest beds known to crop out in the state. 

Location of inlier—The critical exposures were found along the 
east side of Rock River, opposite the town of Oregon and north of 
the bridge on State Highway 64. They are in the bottom of a small 
abandoned quarry from which limestone was taken, reputedly for the 
construction of the near-by dam on the river. The quarry is on the 
southwest slope, and near the crest, of a conspicuous ridge that trends 
northwest on the Rock River valley floor. The crest of the ridge near 
the quarry is about go feet above the river. 

Local stratigraphy.—The strata of this part of Rock Valley and its 
immediate environs consist of St. Peter sandstone overlain by Platte- 
ville limestone, with a thin stratum of Glenwood sandstone interven- 
ing.’ These formations are well exposed at several places on the west 
side of Rock River, west and northwest of Oregon. They crop out 
also along the east side of the valley, as along the upper slope about 
} mile east and northeast of the old quarry. 

The St. Peter lies with marked erosional unconformity on older 
formations, ranging down into the Cambrian. A small erosional uncon- 
formity between the Platteville limestone and the underlying Glen- 
wood sandstone has been described.‘ 

Outcrops on the valley-floor ridge, with few exceptions, are poor 
and meager. Less than 200 feet south of the quarry, on the southwest 
slope of the ridge, about 30 feet of friable light gray to white sandstone 
of typical St. Peter appearance is well exposed. This sandstone was 
first mapped by the writer as St. Peter. The next summer a glauconitic 
sandstone was discovered in the bottom of the quarry. Upon the 

3 Arthur Bevan, “The Glenwood Beds as a Horizon Marker at the Base of the 
Platteville Formation,” I/Hinois State Geol. Survey Rept. Investig. 9 (1926). 


F. T. Thwaites, “Stratigraphy and Geologic Structure of Northern Illinois with 
Special Reference to Underground Water Supply.” ibid., Rept. Investig. 13 (1927). 


4S. G. Elder, “The Contact between the Glenwood and Platteville Formations,” 
Trans. Illinois Acad. Sci. Vol. 29, No. 2 (1936), pp. 164-66. 
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determination that the sandstone in the bottom of the quarry was 
almost certainly Franconia, the white sandstone was tentatively 
designated as Dresbach. Some recent restudy of this sandstone by 
George E. Ekblaw, who coéperated with the writer during the com- 
pletion of the areal survey of the Oregon Quadrangle, has led him to 
conclude that it is actually St. Peter. In 1938 he found a Trempealeau- 
Franconia contact near, and at the same elevation as, the white 
sandstone.5 

The quarry face exposes unfossiliferous, poorly bedded magnesian 
limestone that is undoubtedly part of the Trempealeau dolomite. The 
thickness of beds exposed is probably about 25 feet. At a short dis- 
tance in front of the face, near the west edge of the quarry floor, a 
few feet of thin-bedded greenish gray sandstone is exposed. The 
sandstone, according to Ekblaw, is also found at the southwest cor- 
ner of the quarry, under the limestone. The color is due to small 
grains of glauconite scattered through a mass of fine angular quartz 
sand. The sandstone was at once suspected as being Mazomanie or 
Franconia, a conclusion which was supported by laboratory examina- 
tions. The identification was confirmed by Thwaites when shown a 
sample of it some months later. The sequence appears regular and 
conformable. 

Structure and geologic relations—The Cambrian inlier is exposed 
at the approximate intersection of two major anticlines, the east- 
trending Oregon anticline and another one that trends north-north- 
west, probably the La Salle anticline. The Kankakee arch intersects 
these two structures at Oregon. The Franconia beds in the quarry 
on the ridge dip 13° NE. The Platteville limestone along the brow of 
the upland on the east and northeast has dips that range from 16° to 
41°, and from N. 70° E. to N. 40° E. Along the strike and on the north- 
east flank of the anticline on which the ridge is located, and west of 
Rock River north of Oregon, the St. Peter sandstone and the Platte- 
ville limestone show a diversity of local dips, ranging apparently from 
19° to 32° NE. Not far distant the beds are approximately horizontal. 

It was formerly thought by the writer that the structural details 
and the stratigraphic relations of the beds in this relatively small area 
on both sides of Rock River north and east of Oregon indicated that 
a pair of faults of northwest strike occur here. Although local faulting 
is probably present, later work by members of the Illinois State 
Geological Survey, in part the laboratory study of well samples by 


5 M. M. Leighton, letter of April 7, 1939. 


6 George E. Ekblaw, “Kankakee Arch in Ilinois,” Bull. Geol. Soc. America, Vol. 49, 
No. 9 (1938), Fig. 1, p. 1427. 
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Workman and in part field studies by Ekblaw,’ has eliminated one 
of the faults tentatively postulated by the writer and has made the 
other one questionable. Ekblaw and Workman have shown by these 
later detailed subsurface studies “that all or most of the Prairie du 
Chien series was [is] absent in northeastern Illinois.” They postulate 
“a major post-Cambrian, pre-St. Peter fold and erosion,” which 
accords better with all the available evidence. The general relations 
are diagrammed in their Figure 3. 

The present interpretation of the evidence is that in the vicinity 
of Oregon the St. Peter sandstone is abnormally thick and that it 
rests with marked erosional unconformity on beds in the Trempealeau 
and Franconia formations, filling, perhaps, a deep channel in the 
Cambrian beds. West of the river, the dip of the St. Peter sandstone 
carries it below the elevation of the Franconia beds in the bottom of 
the old quarry east of the river. The precise horizon of exposed glau- 
conitic sandstone beds is unknown; thus the stratigraphic measure of 
the unconformity is indeterminate, but it may be of the order of 
600-700 feet. The Cambrian inlier is on a “structural high,” produced 
by the pre-St. Peter deformation. The course of Rock River across 
this structure at a critical locality exposes the Cambrian beds. 

7 George E. Ekblaw, op. cit. 


George E. Ekblaw and L. E. Workman, “Relation of Water-Bearing Strata in 
Northern Illinois to the La Salle Anticline,” J/linois Soc. Eng. 45th Ann. Rept., Bull. 


5(2) (1930), pp. 63-67. 


WASCO FIELD, KERN COUNTY, CALIFORNIA! 


E. H. VALLAT? 
Los Angeles, California 

A climax in the history of prospecting efforts in the Wasco-Semi- 
tropic district of California was reached, April 11, 1938, when the 
Continental Oil Company well No. K.C.L. A-2 was swabbed in to 
prove that oil could be produced at a substantial rate in the Wasco 
field from a zone encountered at 13,095 feet. 

Well No. K.C.L. A-2 is in Sec. 8, T. 27 S., R. 24 E., M.D.B. & M., 
Kern County, California, approximately 26 miles northwest of 
Bakersfield and 4 miles due west of Wasco. It is 660 feet north of the 
Continental Oil Company well No. K.C.L. A-1 which had been pro- 
ducing a few barrels of oil per day from a shallower depth (9,591 feet) 
since April, 1937. 

Considerable interest was created by well No. K.C.L. A-2 because 

1 Manuscript received, July 31, 1939. 

* Continental Oil Company. 
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it was the first hole drilled to a depth of 15,004 feet; approximately 
2,200 feet deeper, at that time, than the previous record depth. Pro- 
duction, however, came from a zone between 13,095 feet and 13,130 
feet known as the “A-2 sand” member of the Rio Bravo sand. This 
was the world’s deepest producing zone for a short time. On a 24-hour 
potential test the well flowed 3,663 barrels 35.7° gravity oil cutting 
0.6 per cent, with 1,720,000 cubic feet of gas through one 1-inch bean, 
tubing pressure of 470 pounds, and casing pressure of 560 pounds. 
This well produced 139,535 barrels of oil during its first year cut back 
in accordance with proration allowables. 

Wasco is a deeply buried closed structure of low relief along the 
northwesterly extension of the trend on which the Greeley and Rio 
Bravo fields are located. 

The following is a generalized summary of the strata penetrated 
by well No. K.C.L. A-2, presented as an outline and without discus- 
sion. 


Well Depths Thickness Lithology and Remarks Formation 
in Feet in Feet 
RECENT oO 407 497 Surface sand and gravels Valley 
alluvium 
PLEISTOCENE -—- 2,820 2,323 Sands and silts with claysand Tulare 
hard shells. Dry gas showings, : 
2,200+ feet 
PLIOCENE — 4,380 1,560 _Claystone and silt. First Mya San Joaquin 


zone, 2,820 feet. Gas showings clays 


-— 7,882 3,502 Fine sands and silty shale. Upper 
Top Mulinia zone, 4,380 feet, Etchegoin 
gas showings. Oil and gas 
showings at 7,120 feet 


- 8,440+ 558+ Blue-gray shale. Base Pliocene Lower 


sands and silts, 7,882 feet Etchegoin 
UprER — 9,527 1,087+ Gray-brown shale Reef Ridge 
MIOCENE 
—10,254 727 Hard, brown shale with cherty McLure shale 
streaks. Oil showings, produc- 
ing zone of well No. K.C.L. 
A-1 
-11,060 806 Hard, brown shale. First ben- Lower Fruit- 
tonite streak, 10,254 feet (PuJ- vale shale 
vinulinella fauna) 
-11,325+ 265+ Hard, dark brown shale (Val- Valvulineria 
vulineria californica fauna) zone 
-11,500+ 175+ Hard, brown shale Gould shale 
—11,581 81+ Hard, dark brown shale (Uvi- Upper Tem- 
MIOCENE gerinella obesa fauna) blor shale? 


-12,100+ st9+ Hard, fine to medium, gray Upper Olcese 
sand and siltstone. Slight oil sand (Tem- 
staining near top blor) 
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Well Depths Thickness Lithology and Remarks Formation 
in Feet in Feet 
12,245 145+ Hard, dark gray siltstone Middle Olcese 
silt? (Tem- 
blor 
12,715 470 Hard, medium to coarse, gray Lower Olcese 
sand with streaks of shale and sand (Tem- 
siltstone. Oil showings blor) 
—13,095 380 Hard, dark shale and streaks Rio Bravo 
of sandy shale (Uvigerinella shale (Tem- 
obesa fauna) blor) 
-13, 568 473 Medium to coarse, gray sand. Rio Bravo 
Production from A-2 sand, sand 
13,095+ to 13,130 feet 
LowER -13,800+ 132+ Hard, dark shale with streaks Santos shale? 
MIOcENE? : of sand and siltstone (fauna 
inconclusive) 
-14,000-++ 200+ Hard, fine sand and siltstone Vaqueros? 
(no faunal data) 
OLIGOCENE? —14,162 162+ Hard, dark brown shale. Oil Tumey shale 
showings (Leda washingtonen- 
sis fauna) 
-14,750+ 588+ Hard, dark shale. Oilshowings Upper 
(Uvigerina cocoaensis fauna) Kreyenhagen 
E0cENE -14,967 217+ Hard, dark shale. Oilshowings Lower 
(Spiroplectamina-radiolaria Kreyenhagen 
fauna) 
15,004 36 Hard, fine sand and siltstone Avenal? 
with altered bentonite on bot- 


tom. Oil stains (no faunal 
data) 15,004 feet, total depth. 


On July 15, 1939, there were five wells producing from the “A-2 
sand,” one drilling well, and two abandoned dry holes. To date the 
average completed well has encountered about 34 feet of very per- 
meable rock in the “A-2 sand” from which it establishes a potential 
rate through a 1-inch bean of more than 6,000 barrels per day. Flow 
pressures, against the small beans through which the wells make their 
allowable production, range from 1,200 pounds to 1,400 pounds with 
the casing pressure being only a little higher than the tubing pressure. 

It took well No. K.C.L. A-2, 234 days to penetrate the “‘A-2 sand” 
(284 days to completion), but 115 days is average time for subsequent 
holes. The quickest completion to date was made in 85 days. 

Permeability and porosity of deep sands in the Wasco field have 
received some attention and in this connection it is interesting to note 
that generally all of the sands studied from the Olcese sand (11,500+ 
feet) down, except the ‘‘A-2 sand,” have had very low permeability, 
ranging from less than 1 to 37 millidarcys, with porosity averaging 
close to 15 per cent. In the permeable “A-2 sand” (producing zone) 
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the range is from 130 to more than 2,000 millidarcys, with a porosity 
range from 12 to 24 per cent. 

Productivity indices from 5.0 to 8.0 barrels per pound drop in 
pressure have been calculated, which is considered high for such a 
small thickness of zone. Original reservoir pressure at 13,134 feet, 
well datum, was determined as 5,675 pounds. To date no appreciable 
drop in this pressure is indicated. In all of the wells now producing, 
the oil is extremely undersaturated, indicating that either the field 
has no gas cap or that these wells are a long distance from it. When 
this information is correlated with that of the easily induced flow of 
salt water from the ‘‘A-2 sand” zone in a well beyond limits of pro- 
duction there is a strong suggestion that water drive is the lifting 
force. 

Formation temperature of the producing zone has been carefully 
checked at 277°F. Temperature at bottom (15,004 feet) is estimated 
at 207°. There has been some comment about these being high but 
actually Wasco is a relatively cool area. A study of subsurface tem- 
perature data from 20 areas in California indicates Wasco is 16th from 
the hottest. 

Credit for discovery of this pool is due to seismograph work for 
its structural control, subsurface study for stratigraphic control, and 
engineering progress in drilling and production technology which 
have made it possible to exploit petroleum resources at increasingly 
greater depths. 


NEW LIBRARY RESEARCH TOOL! 


ROBERT B. CAMPBELL? 
Tampa, Florida 


The recent spur to renewed research in the fields of interest to 
the petroleum geologist evidenced in these pages makes it seem timely 
to call attention to a recently developed tool for research workers. 
This tool is the microfilming of texts on film, usually regular cinema 
size of 35 millimeters, at low cost to make them available to research 
workers throughout the land. This service has been known and widely 
discussed in library circles for several years but conversation with 
members of the Association, even those actively engaged in research, 
reveals that many are still unacquainted with this means of having 
the world’s library service available to all workers, no matter how 
remotely located. 


1 Manuscript received, August 1, 1939. 
? President, Peninsular Oil and Refining Company. 
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Bibliofilm Service was first established in 1934 in the library of the 
Department of Agriculture by Miss Claribel Barnett, librarian, and 
her interest and energy are largely responsible for the rapid growth of 
these facilities for the benefit of the isolated worker. The service was 
soon extended to the Library of Congress and the Army Medical 
Library. In the last year the service has been further extended in 
Washington to include the library of the United States Geological 
Survey, an extension of particular interest to our membership, making 
available about 250,000 volumes on geology, mining, mineralogy, 
paleontology, chemistry, and the many other subjects contributing 
to the geologist’s interests. This library also contains 50,000 geological 
maps, both foreign and domestic, as well as 1,200 periodicals and 
serials, including reports by State Surveys, Mining Bureaus, all Gov- 
ernment reports on these subjects, and material secured by exchange 
from foreign governments. 

Bibliofilm is operated as a non-profit venture by the American 
Documentation Institute, formed on behalf of some 50 of America’s 
leading scientific and scholarly bodies, on codperative agreement with 
the Department of Agriculture. It acts as a national clearing house 
for orders for copying research materials, filling them through its own 
facilities or those of other services for copyable materials in practically 
all Washington or Baltimore libraries, or other institutions here and 
abroad. The A.D.I. also publishes its own quarterly dealing with 
technique, sources, and problems of microfilm. 

Copying is done in either of two forms: either as a series of still 
images on 35-millimeter standard safety photographic film at one 
cent per page plus 20 cents per item, or as a photoprint, 6X8 inches, 
at ro cents per page plus a 20-cent item charge. The photoprints may 
be read without optical aid and the microfilms are used in reading 
machines now widely available. Science Service, Washington, will 
furnish information on such readers. Some, suitable for reading short 
subjects, may be obtained for $1.50; another model widely distributed 
retails now at $87.50. 

Order blanks are available on request and make letter writing 
unnecessary. The order contains a statement relieving the libraries 
and services of responsibility in the matter of copyright. By “gentle- 
man’s agreement” with the National Association of Book Publishers, 
scholars may make fair use of copyrighted material. These order 
blanks should be requested of Bibliofilm Service, care Library, U. S. 
Department of Agriculture, Washington, D. C. 

In addition, the following are sources of microfilmed material, 
either through their own facilities or in arrangement with commercial 
copying companies. 
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American Library (Paris McGill University 
Bibliothéque Nationale (Paris) Mexican Relaciones Exteriores 
Boston Public Library Michigan University 
British Museum Microfilms, Minneapolis 
Canadian Department of Agriculture Minnesota University 
Catholic University National Archives 
Chicago University Newberry Library 
Columbia University New York Public Library 
Detroit Public Library . North Carolina University 
Durham University (England) Ohio State University 
Graphic Service, Boston Princeton University 
Grovenor Library (Buffalo) Temple University 
Harvard University Toronto Public Library 
Huntington Library University of Kansas 
Illinois State Library University Microfilms, Ann Arbor 
Illinois University Vatican Library 
Towa State College Virginia University 
Iowa State University Washington (Seattle) 
Johns Hopkins Washington University (St. Louis) 
Labratoire d’Ethnologie (Paris) Wayne University 
Liverpool (Eng.) Public Library Wisconsin 
Maison de la Chemie (Paris) Yale University 


Massachusetts Institute of Technology 


This new activity places added responsibility on writers in the 
matters of bibliography. Not only should the references be exact 
for the material quoted but both initial and final pages should be 
accurately numbered and above all the position of all plates should 
be indicated. If the plates are interleaved in the text they are usually 
microfilmed but if they are placed after the text the service does not 
ordinarily include their filming. Naturally all references should be 
sufficiently clear for library stock boys to identify them easily. 


SALADO FORMATION OF THE PERMIAN BASIN! 


WALTER B. LANG? 
Washington, D.C. 


The Delaware basin is a structural depression in western Texas 
and southeastern New Mexico. This depression was filled and overlain 
by chemical deposits of late Permian age which are now either par- 
tially eroded away west of the Pecos River, or, east of it, are masked 
from view by a covering of younger deposits. Most of the detailed 
information now at hand concerning these deposits has been obtained 
from the study of well cuttings and has disclosed that these sediments 
are divisible into two formations? The lower, or Castile formation, is 

1 Printed by permission of the director of the Geological Survey, United States 
Department of the Interior. Manuscript received, August 31, 1939. 

* Geologist, United States Geological Survey. 


3 W. B. Lang, “Upper Permian Formations of Delaware Basin of Texas and New 
Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 19 (1935), Pp. 262-70. 
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composed of typically banded anhydrite and calcite and in the north- 
east half of the basin includes thick beds of clean white halite. The 
upper, or Salado formation, occupies not only the eastern portion of 
the Delaware basin but spreads northward and eastward above and 
beyond the basin rim, which is formed by the Capitan reef. This 
upper formation, which is absent in most of the western half of the 
basin, is apparently exposed nowhere at the surface. It is composed 
essentially of halite with relatively thin beds of anhydrite, polyhalite, 
reddish sandy shale, and locally other potash-bearing salts. However, 
in southern Reeves and northwestern Pecos counties, Texas, the 
halite grades into massive anhydrite. Therefore, a complete section 
of the Castile and Salado deposits can be found only in the subsurface 
in the northeastern portion of the Delaware basin. Even here a section 
may not display all phases and aspects of the deposits. The Castile 
and Salado formations have also been referred to as the “Lower 
Castile” and ‘Upper Castile,”’ respectively.* 

In 1921, the Pinal Dome Corporation’s Means well was drilled in 
the SE. corner, Sec. 23, Blk. C-26, P.S.L., slightly east of the center 
of Loving County, Texas, to a depth of 5,208 feet, and approximately 
in the middle of the northeastern half of the Delaware basin where a 
complete section of both formations is present. It was, and still is, 
one of the best sampled and analyzed standard cable-tool wells in 
the basin. Cuttings were taken every 5-10 feet and potash analyses 
were made of the salt section to 3,600 feet or through 2,700 feet of 
salt. In this and other wells drilled about the same time it was ob- 
served that showings of polyhalite extended downward in the thick 
salt sections only part way, but in the shorter sections outside the 
Delaware basin, underlain by the Carlsbad limestone and correlative 
deposits, polyhalite was found almost to the base of the salt. In the 
Means well evident showings of polyhalite are last observed at 2,340 
feet. When the writer originally defined the Salado, he arbitrarily 
selected the figure of 2,350 feet as the base. At this time, only a few 
widely spaced wells had been drilled and correlation of the various 
anhydrite beds could not be made with certainty. In the light of 
additional evidence it is now desirable to redefine the base of the Sa- 
lado. 

This may be accomplished in several ways, four of which are 
worthy of consideration. 

1. One method would be to place the lower boundary of the Salado 
at the “base of the salt,”’ where it overlies the reef limestones and is 


*L. D. Cartwright, “Transverse Section of Permian Basin, West Texas and 
Southeast New Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 14 (1930), pp. 979-80. 
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separated from them by 50-100 feet or more of solid anhydrite; but, if 
this contact be extended into the basin, it lies at different horizons due 
to the interfingering of anhydrite with halite. Were it not for the inter- 
fingering this method would have merit, in that it is simple and easily 
applied. The chief point against it is that it is a temporary expedient 
and would soon fall into disfavor as the minute details of correlation 
continue to accumulate. In the Means wel! this contact may be se- 
lected at 2,965 feet. 

2. The presence of potash in the form of polyhalite is an outstand- 
ing feature of the Salado. If the last showings of polyhalite in well 
cuttings are plotted they form a fairly regular horizon in the reef and 
back-reef areas but are far less consistent in the basin. For this reason, 
though the evidence is important, it is not in itself sufficiently reliable 
for the purpose of selecting boundaries. This lack of consistency is 
demonstrated in the Means well, for at 2,325—2,340 feet are two an- 
alyses showing respectively the presence of 3.10 and 3.31 per cent 
of KO in soluble salts and thus corroborating the visual evidence 
of polyhalite. These are followed to a depth of 3,600 feet by a succes- 
sion of analyses, all showing results of less than 1.0 per cent of KO 


in soluble salts, though 500 feet or more of the section below 2,340° 


feet must be equivalent to salts that yield evidence of polyhalite at 
or near the area of the reef. 

3. In like manner the first indication of banded anhydrite or of 
calcite reveals the presence of the Castile, though these features may 
not appear at the same horizon in different places because prominent 
banding or calcite may be lacking in the deposits, or because the ob- 
server may be unable to recognize them. In general, the top of the 
observed banded anhydrites forms a fairly uniform horizon, though 
in places the actual position of this banding may be far below its 
hypothetical position. Thus it is not well to place too much reliance 
on the observed position of the top of the banded anhydrites. The 
beds of typical, banded anhydrite do not extend beyond the basin 
but lap against the marginal reef deposits. In the Means well the 
banded anhydrites appear at about 3,400 feet. 

4. If one surface is postulated to pass through the deepest indica- 
tions of polyhalite and another to include the highest showings of 
banded anhydrite, a gap of 500-700 feet or more lies between them. 
Within this gap may be found a third surface that represents the 
stratigraphic position of the base of the beds that lie disconformably 
on the top of the reef. The top of the reef is a definite, recognizable, 
and continuous horizon, marking the top of the Capitan and Carlsbad 
limestones and the correlative beds of the back-reef. Immediately 
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overlying the limestone is a dense non-banded anhydrite, 50-100 
feet thick. The top of this anhydrite is the so-called “base of the salt” 
in the reef and back-reef areas. The writer included this anhydrite in 
the top of the Castile in 1937.5 Whether the top or bottom of this 
anhydrite member is chosen to separate the Salado (“Upper Castile” 
of some authors) from the Castile (“Lower Castile” of some authors) 
the boundary between the two units would be at a definite, funda- 
mental stratigraphic position. The sedimentary characteristics that 
are typical of each formation would thus be placed in their proper 
province. 

In redefining the Salado formation, the writer prefers to include 
the anhydrite as its basal member, for this anhydrite does not show 
any of the characteristics of the typical anhydrite beds in the Castile. 
It is in places magnesitic, dense, non-banded, and contains no calcite. 
If placed in the Salado it confines the Castile to the Delaware basin 
and eliminates the awkward situation of having to carry a thin strip 
of Castile across the reef and back-reef areas for no apparent good 
reason. Within the Delaware basin the horizon of the top of the an- 
_ hydrite member is found in most well samples with no greater facility 
than the base. The base of the Salado formation in the Means well 
as redefined in this note is placed at a depth of approximately 3,300 
feet or at a position equivalent to the base of the anhydrite member 
on the crest of the Capitan reef on the northeastern rim of the Dela- 
ware basin. 


5 W. B. Lang, “Permian Formations of the Pecos Valley of New Mexico and 
Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 21 (1937), pp. 833-08. 
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DISCUSSION 


PLANNED GEOLOGIC FIELD EXPERIENCE! 


JOHN B. LUCKE? 
Morgantown, West Virginia 


In his recent editorial, “Where Shall Our Young Graduates in Petroleum 
Geology Acquire Field Experience?,” F. H. Lahee* has raised a most impor- 
tant question. The problem has, of course, always been before geology edu- 
cators, but a satisfactory answer has been harder to find since 1929, and now 
it apparently is also giving concern to industrial geologists. As one with some 
experience both in oil geology and the teaching of potential oil geologists the 
writer offers a few suggestions as possible or tentative “answers,” hoping that 
others will contribute discussion until a final solution be found. 

All through the depression large numbers of young geologists accepted 
oil-company jobs which promised little in the way of a future. They received 
salaries that were woefully inadequate for men and women of their high degree 
of technical training. A large number of others have been forced to embrace 
surveying, soil mapping, meteorology, and other non-geologic fields which, 
although entirely worthy in themselves, merely served as stop-gaps. The 
aspiring young geologist hoped they could furnish experience to make him 
more acceptable to those “in the driver’s seat” in his chosen profession. 

Such a moratorium of jobs has not been peculiar to this profession, or even 
to its commercial phases, but the greatest excess of ability over opportunity 
is probably in the field of petroleum geology. Nevertheless, students with a 
serious bent for oil and gas geology and good potential material seem to be 
increasing in numbers in the face of present conditions. A large majority of 
them can not afford to proceed, unaided, to the doctorate degree and many 
are unfitted by temperament to become research geologists. They are good 
oil-company prospects, but after graduation they are met more and more 
frequently with the company geologist’s dictum: ‘‘We don’t want men with 
little or no practical experience. If you only know geology from college, go 
out and get experience in the field and we’ll consider your application.” 

In the Gulf Coast area, as Lahee said:* “There is almost no opportunity 
for a young graduate to obtain experience in field geology, and yet, to build 
up the background which will be essential to his usefulness as a subsurface 
geologist, he must somehow get this field experience.’’ Lahee® assured the 
writer that he meant by “experience in field geology” not facility with a 
plane table or any other technique available through organized instruction, 

1 Presented before the Geology and Mining Section, West Virginia Academy 
of Sciences, at Charleston, West Virginia, May 5, 1939. Manuscript received, August 3, 
1939. 

2 Assistant professor of geology in West Virginia University. 

3 F. H. Lahee, ‘“‘Where Shall Our Young Graduates in Petroleum Geology Acquire 
Field Experience?” Bull. Amer. Assoc. Petrol. Geol., Vol. 22, No. 11 (November, 1938), 
pp. 1613-14. 

4 F. H. Lahee, of. cit. 

‘ F. H. Lahee, personal communication to the writer, April, 1939. 
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but rather a breadth of geologic experience without which an oil geologist (or 
any other, for that matter) is ill-equipped to work in diverse regions and to 
develop the judgment necessary to render decisions affecting valuable prop- 
erties. 

Another prominent geologist recently told the writer that in his opinion 
the day has arrived when oil companies will hire only geologists who hold the 
doctorate degree or its equivalent in field experience. One hesitates to accept 
such a pessimistic view. Doctoral training for a scientific career is by no means 
precisely suited to petroleum geology practice and the fact that many recent 
Ph.D’s in geology have gone into oil work does not necessarily signify that 
a satisfactory precedent has been established. It seems that predictions as to 
the future for petroleum geology based upon ten consecutive depression years 
should remain subject to revision. 

While investigation of supply and demand may result in evidence that 
our colleges and universities are over-producing young geologists, this con- 
clusion is not yet justified by available facts. It certainly should not be em- 
braced until efforts to correct glaring deficiencies in the present set-up have 
been made. If such efforts fail, then no other conclusion than over-production 
becomes possible. 

The following suggestions are offered in the hope that they may stimulate 
further discussion of both academic and commercial viewpoints, leading 
toward some amelioration of the difficulties. 


I, PLANNED APPRENTICESHIPS 


Many industrial organizations, dependent on technology, especially in 
the various branches required in manufactures and public utility service, 
have instituted “cadet” or “engineering apprentice” training systems. Gradu- 
ates of promise, hired under such a system, are trained by the company to 
make them effective in its business as early as possible and to serve as a 
reservoir of recruiting replacement for all of its key-men. During this time 
they receive a very low salary, subject, however, to reasonable increases in 
cases where ability is shown. Meanwhile, the recruit is constantly shifted 
through various departments, doing both common-labor and white-collar 
assignments. Best of all, if ‘“‘he has the goods” and “can take it,” as the saying 
goes, he is assured of a safe and useful future. If he has suitable personality 
characteristics, his broad foundation of experience may enable him to rise 
to executive status, assuming other ability is clearly demonstrated. The writer 
knows of no such training plan being instituted by a major company in min- 
eral fuels, at least as far as geology is concerned. 

Such a planned appzenticeship training system should be entirely feasible 
in the geological department of a large petroleum company. In spite of the 
statement by Lahee previously quoted, there are very few kinds of geologic 
field work which can efficiently be done by just one man. Many prominent 
geologists today ‘“‘cut their eye-teeth” as helpers or assistants to older men, 
and it often meant a long period of merely carrying the instruments, cutting 
and labelling samples, or similar drudge work. 

Even if commercial geologists must do very specialized work today, they 
should attain a larger ultimate value to a major oil company if the first few 
years were spent in getting acquainted with many diverse problems and areas 
likely to be encountered in future years. It is suspected that for every such 
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cadet who “‘can’t take it,” or lacks “the goods” and quits, thereby incurring 
a loss to the company, there will be at least one good enough and willing to 
stay with the company. In the long run he will be more valuable to the com- 
pany than one who is hired as a specialist and kept forever at his specialty. 

Objections to such a plan may center around too high a cost in dollars or 
man-hours, or both. The reply would seem to be that if it works successfully 
in other fields, why not in oil? The cost per training year is not important. 
The cost of assuring the most competent staff is what matters and this may 
well be least with the highest yearly training expense. Incidentally, loyalty 
to the company would be immensely stimulated in anyone who had been 
through a planned apprenticeship at the expense of the company and this 
is an asset that can not be measured in dollars. 


2. SUBSIDIZED INDEPENDENT FIELD WORK 


Most students, including the best raw material, have a struggle to finance 
their regular college work, let alone graduate studies, and least of all summer 
field work. Professional bodies such as the Geological Society of America, 
this Association, the National Research Council, as well as a few of the most 
favored universities, grant money to promising geologists for research work. 
Ordinarily nearly all of these grants are for “pure science’’ studies, leading 
either to a higher degree or to an enhanced scientific reputation. Why not 
have similar grants for ‘applied science” or professional practice, to be uti- 
lized for the acquisition of the practical training that industry demands? 

Perhaps the purely scientific or professional bodies mentioned: should 
not undertake such projects, since their purposes are divorced from industry, 
which must earn profits or cease to exist. However, if the training is to be done 
by university faculty men, it must be financed by the universities themselves, 
or the industries concerned, or both. The American Association of Petroleum 
Geologists might well act as a clearing house or directing body for oil and gas 
training. In such a réle, this Association might systematically steer geology- 
thesis studies into the many unsolved problems recently suggested by a large 
part of the membership. There would doubtless be weaknesses in such a plan. 
For example: companies supporting the training might disagree about the 
work needed; they might disagree as to which is to have the pick of promising 
youngsters; they might even display a tendency to favor students of a par- 
ticular school or of a particular professor over others. However, if industry 
insists on trained men and women and remains unwilling to do the job itself, 
it should be eager to support such work elsewhere, both financially and in an 
advisory capacity. Industry itself is a most interested party and each division 
must support itself. 

Heavily endowed universities might well divert money hitherto reserved 
for pure science into such projects. As for state universities (in general) and 
other institutions with little or no endowment facilities, they apparently 
would have to lean heavily upon the support of industry. The mineral indus- 
tries may find it expedient and even profitable, in the long run, to set up 
training funds at such state institutions as can best serve them, to be utilized 
as they direct, for the assistance of students of exceptional promise, as dis- 
covered by their professors. 


3. SUBSIDIZED SUMMER CAMPS 
A few colleges and universities, fully cognizant of the crying need for field 
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experience, maintain summer geology “camps” at which students may acquire 
practical field techniques and familiarize themselves with the variety of 
geology available at the camp location. Most of these camps grant course 
credit and are not designed for training of commercial grade. Such geology 
camps can be of the largest benefit to industry only if and when students are 
relieved of at least part of the cost through its assumption as an investment 
by the sponsor. If the sponsor (as now is usual) is a college or other research 
body, the student will be groomed for other than industrial needs, perhaps 
to the exclusion of such needs. The fact that many men do acquire the back- 
ground demanded by industry is in spite of the system, rather than because 
of it. Work done in camps sponsored by industry could be deliberately di- 
rected along the lines of highest practical importance to the man and espe- 
cially to the industry. 

Thus in a hypothetical geology camp, the sponsoring company might 
supply part or even all of the faculty from its own staff, or subsidize and pick 
university men as it chose. The result would be far more purposeful field work 
than is now being done, from the commercial standpoint, and that of national 
economics. Even if industry proves unwilling to pay college men summer 
salaries or expenses for such training periods, it is believed that there are 
many professional geologists who would embrace an opportunity to serve at 
such a summer camp without salary, provided the sponsors met all running 
expenses, assisted students to pay their share, and afforded the “faculty” 
opportunities to carry on independent research on the side. 

These remarks are in no way intended to neglect the few training ‘“‘schools”’ 
or laboratories maintained by some companies for specialized training of, for 
example, petroleum engineers, micro-paleontologists, geophysicists, and 
safety engineers. Many companies are alert to the need for developing their 
own men in these and other special fields of work. But, the only way to 
acquire field geology is in the field, and the situation cited by Lahee has not 
received adequate attention. 


EVIDENCE OF EROSION OF SALT STOCK IN GULF 
COAST SALT, PLUG IN LATE OLIGOCENE 


CORRECTION 


The writer regrets a mistake in the paper published under this title in the 
April Bulletin (Vol. 23, No. 4). Apparently in inserting the sections of Figure 1 
and 2 in the manuscript the writer reversed the sections. The section published 
with Figure 1 description (cut line) should have been with Figure 2 descrip- 
tion (cut line), and the section published with Figure 2 description should 
have been with Figure 1 description. 


Marcus A. HANNA 


Houston, TEXAs 
April 20, 1939 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library and available to 
members and associates. 


A TEXTBOOK OF GEOMORPHOLOGY 
BY PHILIP G. WORCESTER 


REVIEW BY A. 0. WOODFORD' 
Claremont, California 


A Textbook of Geomorphology, by Philip G. Worcester. 565 pp., 375 figs. 
D. Van Nostrand Company, New York (1939). Price, $4.00. 


Professor Worcester states in his preface that this book “has been planned 
for an introductory course in geomorphology and assumes little or no previous 
knowledge of geology on the part of the student.’”’ Geomorphology is defined 
as “the interpretative description of the relief features of the earth.’’ The 
subject matter does not include meteorology, except incidentally. The volume 
has many merits as a textbook and will be very useful, even though the first 
chapters, in particular, are crowded with more information than beginners 
can absorb in a brief college course. Some things might well have been 
omitted, and others might have been relegated to appendices. 

The experienced geologist probably will be interested especially by two 
features of the book, the many magnificent illustrations and the detailed 
discussions of topics of current geomorphic interest. He will also be grateful 
for the numerous references to sources. The photographs are very well repro- 
duced. Many are air views. Colorado, the author’s home state, and Canada 
are especially well represented. Other notable photographs are from the 
Mississippi River Commission, Milwaukee Public Museum, and the American 
Geographical Society’s ‘“Peru from the Air.’ Desert ranges are shown by 
Spence Air Photos, and desert details from the camera of Eliot Blackwelder. 
Views of far countries are largely by D. F. Higgins. The non-photographic 
illustrations are mostly maps (many two-color, with contours) and well 
chosen physiographic diagrams. 

Subjects of recent geomorphic emphasis which are treated in some detail 
include submarine canyons, coral reefs, pediments, channeled scablands, 
causes of glaciation, and the origins and histories of the Great Lakes, the 
Appalachians, and the southern Rockies. The discussions are clear, and re- 
markably complete and up-to-date. The recency of some source material is 
shown by the following examples. Fisk’s 1938 correlation between Mississippi 
delta terraces and Pleistocene interglacial epochs is presented for considera- 
tion, p. 200. Sir George Simpson’s 1938 attempt to explain ice ages is given a 
page of text, an illuminating figure, and the author’s cautious approval. 

Some minor defects of the book may be worth mention. A few vague or 
confusing statements contrast strangely with the prevalent sharp clearness. 
Examples: “Syenite porphyry refers to a syenite with contrasting grains,” 
p. 75; baselevel is ‘‘an imaginary curved plane at sea-level elevation,” p. 178; 
“The Profile of Equilibrium.— . . . There is a nice adjustment between the 
stream’s ability to erode the land and the amount of erosion yet to be done,”’ 
p. 179. 

1 Department of geology, Pomona College. Manuscript received, July, 1939. 
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Other statements appear to be incorrect. Examples: ‘All seashores ex- 
perience high tides every 12 h. 26 m.,” p. 380; mature streams “may or may 
not have cut their valleys to baselevel,” p. 190; the Plateau of Quebec has 
an “area of more than 2,000,000 square miles,” p. 303. Undertow (p. 378) is 
inadequately defined and discussed. The Salton Sea depression appears to 
be incorrectly interpreted (p. 345) as simply a part of the Gulf of California 
cut off by the growth of the Colorado delta. 

The reviewer considers the discussion of the work of streams (especially 
pp. 163-179) to be the least satisfactory part of the book. The photographs 
and diagrams are good as far as they go, and most but not all of the terms used 
are clearly and accurately defined. By reading pages 163-179 the careful 
student will learn, if he does not know already, just what is meant by the 
term delta or pot hole or braided stream, or even baselevel. But he will barely 
begin to understand the process by which streams achieve (and progressively 
alter) unstable equilibrium conditions. Probably he will fail to grasp the 
stated interrelationships between slope, form of cross section, straightness 
and smoothness of channel, and velocity. He may not know what is meant 
by “the stream’s power to move objects on the bottom,” especially as com- 
petence and capacity are confused in the course of the brief explanation. 

The analysis of the flow of a débris-laden stream is a most difficult matter. 
Probably it should not be attempted for elementary students. If the attempt 
is made, it must be remembered that the typical beginner in geomorphology 
knows almost nothing about any science. He must be instructed as to the 
acceleration of gravity and its resolution into components, the conservation 
of energy, friction losses, and states of flow with emphasis on turbulence. 
Then he may be brought to some understanding of the development of mean- 
ders or the equilibrium profile. 

The reviewer is prejudiced against the attractive treatment of “rejuvena- 
tion in arid regions,” pp. 255-259, because of one omission. It is stated that 
“fn many arid basins the great aprons of alluvium (bajadas) that lie at the 
base of the mountains are deeply channeled by streams. Where there is no 
evidence of diastrophism, it is evident that the channels are due to streams 
revived by heavy rainfall.” But in such cases fanhead trenches may be fea- 
tures of an undisturbed arid or semi-arid cycle; they do not necessarily indi- 
cate either diastrophism or climatic change.” Finally, the allegation on page 
257 that “rejuvenation in arid regions is brought about . . . through . . . (2) 
increased precipitation, (3) decreased rainfall...” is reminiscent of the 
traveller who blew on his fingers to warm them, and on his porridge to cool 
it. The quoted statement arouses a curiosity which is not satisfied in the text. 

In brief, Worcester’s Geomorphology is an attractive, informing, up-to- 
date book, which in spite of some: defects makes a useful addition to the 
geologist’s library. 

2 R. Eckis, “Alluvial Fans of the Cucamonga District, Southern California,” 
Jour. Geol., Vol. 36 (1928), pp. 224-47. 
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A SOURCE BOOK IN GEOLOGY, BY KIRTLEY F. MATHER 
AND SHIRLEY L. MASON 


REVIEW BY R. D. REED! 
Los Angeles, California 


A Source Book in Geology, by Kirtley F. Mather and Shirley L. Mason. A 
volume in the series, Source Books in the History of the Sciences, Gregory 
D. Walcott, general editor. McGraw-Hill Book Company (1939). 702 pp., 
42 figs., guide to subject matter, and index. Price, $5.00. 


If an editor were to select and publish in a volume the most effective 
sections from the greatest, most stimulating, and most historic publications 
that deal with geology, the result would be a source book. It would naturally 
not fully please anybody who had already made such a selection for himself, 
nor would its merits be very evident to those who had failed to make one. 
With these and other inevitable difficulties the Mather-Mason book struggles 
masterfully. 

This book differs notably from Agar, Flint, and Longwell’s Geology from 
Original Sources, which also contains some selections of historic interest, but 
which is primarily a book of collateral reading for an elementary course in 
geology. The Mather-Mason book, though also interesting to students, 
should if it is successful be indispensable, too, for experienced geologists who 
have an interest in the background of their science. 


This book begins with a selection from Leonardo da Vinci, once artist . 


and craftsman but currently a hero in scientific originality. Leonardo died 
early in the Sixteenth Century. The book ends with Van Hise on Rock Flow- 
age, after breaking the rules by including a passage about the Planetesimal 
Hypothesis that Professor Chamberlin published in 1904. Otherwise all the 
passages included were published before 1900, and all were written by men 
no longer living. One additional limitation no doubt made a decision more 
easy in certain cases, though it sounds odd at first: if of two excerpts of nearly 
the same worth one was judged to be less widely available in ordinary geologi- 
cal libraries in the United States than the other, that one was given the 
preference. 

Upon reading the Source Book instead of merely speculating about it I 
find myself amazed that so many excellent books and articles are fairly rep- 
resented by such relatively short extracts; and further that the editors have 
hunted up so many illuminating passages that an ordinary dabbler in such 
subjects can have missed completely before. In its usefulness to all readers 
interested in the history of geology, in fact, this new source book challenges 
comparison with Professor Adams’ Birth and Development of the Geological 
Sciences. The two books supplement each other very well, too, in spite of the 
difference in the periods they cover. Together they should go far to assist 
coming generations of students to be better geological scholars than their 
immediate predecessors were. 

As already suggested, no source book could possibly please everybody. 
The one under review is naturally no exception. By way of illustration, I 
can not help feeling aggrieved that Oppel was passed up while the estimable 
but uninspired George Perkins Marsh was included. Oppel might conceivably 

1 Chief geologist, The Texas Company (California). Manuscript received, July, 
1939. 
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be omitted by a geologic historian with a strong anti-stratigraphic bias but 
how should it happen that two such historians chanced to collaborate? What- 
ever faults Oppel’s zones may have, I find it hard to differ from Arkell in 
believing that they constitute the most useful stratigraphic tool ever devised. 
Fortunately, passages of the type I am advocating may be found, though not 
translated, in Kleinpell’s Miocene Stratigraphy of California. 

It is perhaps worth noting here, as I have already done in my review of 
Adams’ Birth and Development of the Geological Sciences, the omission from 
consideration of von Hoff, whom many German writers seem to consider an 
earlier and perhaps greater Lyell. Instead of continuing with such mild criti- 
cisms, however—and I have no serious ones to offer—it may be just as well 
to stop here with congratulations to editors and publishers on the successful 
completion of what must have been a very difficult task. 


PALAEOZOIC FORMATIONS IN THE LIGHT OF THE 
PULSATION THEORY, BY AMADEUS W. GRABAU 


REVIEW BY R. D. REED! 
Los Angeles, California 


Palaeozoic Formations in the Light of the Pulsation Theory, by Amadeus W. 


Grabau. Vol. IV. Ordovician Pulsation. Part 1. Ordovician Formations of | 


the Caledonian Geosyncline, with a Review and Summary of the Skiddavian 
Pulsation System. 942 pp., 67 text figs., 13 tables. Henri Vetch, Peking 
(1938). The French Bookstore, Peking, China. Price: Chinese, $15; U.S., 
$5.50; Great Britain, 20/—, postpaid. 


At the International Geological Congress in 1933 Professor Grabau pre- 
sented a brief but striking summary of a theory, new at that time, which he 
called the “‘Pulsation Theory.” In considerably expanded form the substance 
of this talk was published later as “Oscillation or Pulsation,” pp. 539-53 of 
Volume I of the International Geological Congress, Report of the XVI Ses- 
sion, 1936. The author begins with an argument against the oscillation theory 
of Haarmann which, he says, “postulates contemporary up and down move- 
ments of land masses as the primary phenomenon of tectogenesis.”” Grabau 
believes, on the other hand, that a rhythmic rise and fall of sea-level is of pri- 
mary significance, though land movements may cause important secondary 
effects. In support of his belief in universal pulsations he next reviews the 
Paleozoic systems and finally presents his views diagrammatically; he con- 
cludes that his interpulsation periods have a remarkable tendency to coincide 
with Professor Stille’s orogenic phases. 

In the discussion of Grabau’s talk, Stille agreed with the idea that some 
transgressions and regressions are worldwide but chose to look upon tectonic 
processes as a more probable cause than changes of sea-level. Grabau an- 
swered: 


But I question the probability that a tectonic disturbance, as recorded in a con- 
tinent, would affect the entire world at the same time, so as to cause pulsations. Rather 
I should expect such tectonic effects to be local, . . . Worldwide, simultaneous pulsa- 
tions of marine advance and retreat must be caused by changes within the ocean 
basins. These changes are tectonic in the largest sense of the word but are to be dis- 
tinguished from local foldings of sediments. 


1 Chief geologist, The Texas Company (California). Manuscript received, July 21, 
1939. 
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Until the matter is discussed in greater detail, we may perhaps assume 
that Grabau thinks of foldings as local and as unrelated to his pulsations, in 
spite of the suggestion carried by his Figure 1 in the 1936 paper already cited; 
whereas Stille believes that foldings affect similar areas simultaneously and 
are somehow related to the pulsations as well. In the volume under review 
there are a few sentences of argument devoted to the subject. Grabau still 
seems convinced that geosynclinal foldings and shallowings do not affect all 
geosynclines contemporaneously and therefore—or is it therefore?—that 
folds of the type we can study in mountainous areas are not closely related 
in origin to transgressions and regressions of the sea. He thinks it possible, 
nevertheless, that “periodic expansion of the suboceanic floor can take place” 
(p. 10) and thus take care of everything nicely. Just why this periodic expan- 
sion should not alternate with periodic contraction in a series of processes that 
Stille would consider purely tectonic is not evident. The question becomes 
particularly puzzling if it is considered in connection with a series of earth 
expansions and contractions like those suggested by Bucher in his latest 
discussion of the subject.? 

Inasmuch as the volume under review is only one of an extensive series, 
too much attention should not be drawn to the briefness of the argument for 
the Pulsation Theory. The nature of the reader’s difficulty will be evident, 
however, from a summary of the subjects treated in Chapter I, which contains 
all the general discussion of pulsations that is allotted to this volume. The 
chapter is 47 pages long. It opens with an explanation of what was wrong with 


the author’s classification of Upper Cambrian and Lower Ordovician forma- : 


itons in his earlier volumes ;* introduces the new Skiddavian Pulsation System 
(more or less related to the Lower Ordovician Skiddaw or Skiddavian Series 
of Great Britain) ; discusses the relation of Ordovician to the earlier Cambrian 
geosynclines, the complexity of American Ordovician type sections and the 
apparent greater simplicity of those of Europe. Next come two or three pages 
—all there are—devoted to such matters as deformation and pulsation. They 
are followed by a brief attempt to place vulcanism where it belongs in the 
pulsation cycle but this subject gives way very quickly to a simplification of 
the geosynclinal problem. Next the author abstracts an earlier paper in which 
he presented his formidable polar control theory, which is intended to account 
for the evolution of Pangaea and Panthalassa and for many curious things 
that have happened to them during geologic time. On pages 18-38, he sum- 
marizes his new series of Paleozoic systems—they are “‘pulsation” systems, 
of course, and seem to be rapidly increasing in number—and gives in some 
detail the reasons for abolishing Stille’s names for orogenic periods and for 
adopting new ones that are supposed to be more easily remembered. They 
consist of such compounds as George-oric, Acad-oric, Skidd-oric, and Sild- 
oric. The whole Paleozoic has either 12 or 13 of them (Table II, pp. 26-27), 
which are defined and characterized on pages 28-38. After two or three pages 
about “‘confirmatory studies” comes a six-page table of graptolite zones which 
ends with the chapter on page 47. The tectonic discussion, I mean to imply, 
is a bit crowded in this volume. 

In chapters II-XXI, pp. 48-792, Grabau discusses in considerable detail 


2 W. H. Bucher, ‘Deformation of the Earth’s Crust,” Bull. Geol. Soc. America, 
Vol. 50 (1939), pp. 421-32, esp. p. 428. 
3 See review by Byron N. Cooper, this Bulletin, Vol. 22 (1938), pp. 934-36. 
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the Ordovician sections of much of Europe, and explains how the various 
strata and contacts of all these sections fit the Pulsation Theory. Except to 
readers so steeped in European stratigraphy as to recall instantly where the 
Tremadocian is placed, by whom and why, or to be greatly interested in the 
stratigraphic position and faunal contents of the lower Didymograptus shale 
in the Oslo region, many parts of these chapters are likely to prove difficult 
or at least uninteresting reading. They are sufficiently well illustrated, how- 
ever, so that even an examination of the many stratigraphic and structure 
sections is instructive and interesting. In order to secure a preliminary idea 
as to just what the author means to convey by his use of “‘Skiddavian and 
Ordovician,” or ‘“Pulsation System,”’ and “Interpulsation Period,” I found 
Figures 53, 56, 57, 59, and 65 particularly illuminating. 

Chapter XXII is devoted to a summary table that gives the distribution 
of the Ordovician fossils in the Caledonian geosyncline. It is followed by a 
list of authors cited and referred to, a general index, an index of genera and 
species, and by a page of errata. 

The foregoing brief summary of the contents of Grabau’s new book may 
suggest that most of its readers are likely to be professional stratigraphers of 
highly specialized interests. I confess that such is my fear, but if so the fact 
is unfortunate. Whatever the merits of the Pulsation Theory in its present 
form, I suspect that many of the tectonic problems involved in it must be 
attacked in about the way Professor Grabau is attacking them if they are 
ever to be solved. We may also note in passing that the world now contains 
few if any other men so excellently trained as Professor Grabau to attack such 
problems. Hence a feeling of disappointment at finding the book so hard to 
read as it certainly is in spots; and even a greater feeling of disappointment 
at finding the argument so incompletely convincing. With work enough I 
suppose that any of us might eventually commit to memory the details of 
the various Bohemian, Polish, Baltic, Scandinavian, and British sections of 
the Ordovician. Unless we do something like that, however, or even if we do, 
can we judge adequately Grabau’s success in interpreting these sections in 
terms of the Pulsation Theory? In order to assist us the author quotes at 
length from lithological and faunal descriptions by others, and otherwise tries 
to avoid confusing us but the result leaves something to be desired. As I 
look at Figure 57, for example, which shows how the Ordovician rocks of 
Sweden may be divided into Skiddavian and Ordovician systems separated 
by a Petrovian Hiatus, I feel little confidence in my ability to judge how 
clearly and definitely the facts force the theory. If a reader were to learn in 
great detail all that the text tells about these rocks, perhaps he would feel a 
trifle more confident; but even after that might he not find reason to prefer a 
very different classification if he could visit and study this section for perhaps 
6 months or 6 years? 

What can be done about it? Obviously, one course of action is to leave 
the Pulsation Theory to those geologists—if any besides Professor Grabau are 
interested in such things—who are deeply versed in stratigraphy, particularly 
in its broad regional aspects. Another, possibly, might be for Professor Grabau 
to improve and simplify the methods by which he presents his data and argues 
for his conclusions. If this course should prove practical—and certainly it 
seems to me that such authors as Kossmat and Gignoux have now and then 
succeeded in discussing regional problems related to stratigraphy and struc- 
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ture in a way that is easier to follow—then structural geologists and even oil 
geologists might be benefited by becoming interested in pulsations. Perhaps, 
after all, the chief trouble is that Professor Grabau drowns his readers in 
details. Perhaps he could—or perhaps he will somewhere in the series of vol- 
umes of which this is one—give us a few sample sections, clearly and simply 
drawn, with their proper relations adequately and simply shown, along with 
enough simple text to tell us just what the Pulsation Theory is about and 
just why it is true. 

In the meanwhile Grabau’s publications on his theory have already led 
Professor Umbgrove to publish‘ in English an exceptionally clear and instruc- 
tive account of the earth’s rhythms, with summary statements of most of 
the more important ideas that have been held about them since the time of 
Suess. Any geologist who wishes to master Grabau’s books on pulsation might 
be well advised to begin by reading and re-reading this paper by Umbgrove 
and the one already cited by Bucher. 

In conclusion, Grabau’s pulsation books are eminently worth while 
merely as stratigraphic reference books. As a discussion of tectonics the vol- 
ume under review is not certainly so valuable but the series as a whole may 
well prove to be much more so. 


4 J. H. F. Umbgrove, “On Rhythms in the History of the Earth,” Geol. Mag., 
Vol. 76 (1939), pp. 116-290. 


PETROLEUM DEVELOPMENT AND TECHNOLOGY, 1939 
BY A.I.M.E. PETROLEUM DIVISION 


REVIEW BY STANLEY C. HEROLD! 
Los Angeles, California 


Petroleum Development and Technology, 1939, by the Petroleum Division, 
Trans. Amer. Inst. Min. Met. Eng., Vol. 132. 625 pp., illustrated. Pub- 
lished by the Institute, 29 West 39th Street, New York City. Cloth. 
Price, $5.00 net. 


The annual volume for 1939, the fourteenth of the series, contains the 
papers and discussions presented before the Petroleum Division at meetings 
held in San Antonio, Texas, October 5-7, 1938; in Los Angeles, California, 
October 20-21, 1938; and in New York City, February 13-16, 1939. The 
papers appear in full, with exceptions first in the form of abstracts for those 
which have appeared in trade journals, and secondly in the form of titles for 
those not reprinted from the Division’s quarterly publication Petroleum Tech- 
nology. In both cases the appropriate references to publications are given. 
The usual high standard for the material and its presentation has been main- 
tained. 

Chapter I, ‘‘Production Engineering,” 7 papers, 92 pages: ““Mud Tech- 
nique in Iran’’; “Development and Production Problems in High-Pressure 
Distillate Pools”; ““Core Analysis”; ““Bottom-Hole Measurements in Pump- 
ing Wells”; “Exploring Drill Holes by Sample-Taking Bullets”; “‘Effect of 
Acid Treatment upon Ultimate Recovery of Oil from Some Limestone Fields 
of Kansas,” abstract; and ‘Decline Curve Analysis,” abstract. It is clear that 


! Consulting geologist and engineer, 811 West Seventh Street. Manuscript re- 
ceived, August 17, 1939. 
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most of these papers relate to specific engineering problems in drilling and 
production. Geologists will be interested particularly in core analysis and 
bullet samples. 

Chapter II, “Engineering Research,” 8 papers, 103 pages: “Significance 
of the Critical Phenomena in Oil and Gas Production”; “Gravitational Con- 
centration Gradients in Static Columns of Hydrocarbon Fluids”; ‘‘Physical 
Properties of Hydrocarbons and Their Mixtures”; “Flow of Oil-Water 
Mixtures through Unconsolidated Sands”; “Effect of Pressure Reduction 
upon Core Saturation’’; “Interfacial Tension between Water and Oil under 
Reservoir Conditions”; ‘Surface Chemistry of Clays and Shales’; and “In- 
fluence of Oil Flow on Water Content,” abstract. Although these papers relate 
to subjects in petroleum physics and physical chemistry, the one on clays and 
shales has particular appeal to the geologist. 

Chapter III, ‘Petroleum Economics,” 3 papers, 34 pages: ““A Design for 
More Effective Proration”; “Economic Equilibrium in Petroleum Refining 
Operations”; and “World Consumption of Petroleum and Related Fuels 
during 1938.” The subjects of proration and consumption are indirectly of 
considerable interest to all petroleum geologists. 

Chapter IV, “Production, Domestic and Foreign, and Reserves.” This 
chapter contains 31 papers, 286 pages, on domestic production by states, 
or portions thereof, 23 papers, 80 pages, on foreign production by countries, 
excluding Bolivia and Japan, including U.S.S.R. as Russia, and one paper, 
4 pages on an “Estimate of World Oil Reserves.” This section on production 
is continuous from year to year and has been found in many cases to be an 
indispensable source of information for geologists as well as engineers. The 
tabulation of estimated reserves constitutes a feature of importance to many 
geologists. 

Chapter V, ‘‘Refining,” one paper, 5 pages. But few geologists attempt to 
follow activities in refining. 

Year by year the volumes constituting Petroleum Development and Tech- 
nology show an increasing differentiation between the specific interests of the 
geologist, the technologist, the physicist, the physical chemist, the economist, 
and the various types of engineers, who contribute to the advancement of 
the industry. Although but few of the above listed papers may be said to 
pertain definitely to matters of petroleum geology, the active geologist who 
aims to keep informed regarding advances in the allied sciences or technologies 
of petroleum will want this volume to be added to his set of the earlier issues 
in the same series. 


RECENT PUBLICATIONS 


ALBERTA 

*“Development of the Turner Valley Gas and Oil Field,” by Vernon 
Taylor. Petrol. Technology, Vol. 2, No. 3 (A.I.M.E., New York, August, 
1939). A.I.M.E. Tech. Pub. 1099. 16 pp., 2 figs. 

*“Preliminary Report: The Stratigraphy and Structure of Turner Valley, 
Alberta,” by G. S. Hume. Canada Geol. Survey Paper 39-4 (Ottawa, 1939). 
19 pp., 4 Maps, 5 cross sections. Price, $0.10. 

AUSTRALIA 
*“Some Physical Properties of the Reservoir Rock at Lakes Entrance,” 
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by I. C. H. Croll. Mining and Geological Jour., Vol. 2, No. 1 (Melbourne, 
Victoria, July, 1939), pp. 61-65; 2 figs. 


BRAZIL 


*“Northeastern Oil Fields.” Divisio de Fomento de Produgéo Mineral 
Avulso 41 (Rio de Janeiro, 1939). 12 articles from Mineragéo e Metalurgia, 
No. 18 (1939). 127 pp., illustrations. In Portuguese. 

*“Petroleum Resources of Bahia, Brazil,’ by Wilhelm Kegel. Petrol Zeit., 
Vol. 35, No. 32 (Berlin, August 15, 1939), pp. 593-95; 2 figs. In German. 


BULGARIA 


*“How Are the Oil Prospects of Bulgaria To Be Judged?” by H. J. Fabian. 
Petrol. Zeit., Vol. 35, No. 27 (Berlin, July 5, 1939), pp. 477-81; 4 figs. In 
German. 

CALIFORNIA 


*“A Résumé of the Application of Gravel Packing to Oil Wells in Cali- 
fornia,” by W. A. Clark. Petrol. Technology, Vol. 2, No. 3 (A.I.M.E., New 
York, August, 1939). A.J.M.E. Tech. Pub. 1079. 8 pp., 3 figs. 


GENERAL 


Some Memories of a Palaeontologist, by William Berryman Scott. 336 pp’ 
Frontispiece photograph of the author. 6X9 inches. Cloth. Princeton Uni- 
versity Press, Princeton, New Jersey (1939). Price, $3.00. 


Annual Reviews of Petroleum Technology, Vol. 4 (covering 1938). “A 


collection of authoritative reviews of recent developments in every aspect of 
the technology of petroleum.” 480 pp., 20 illustrations and diagrams. Cloth. 
The Institute of Petroleum, The Adelphi, London, W. C. 2 (1939). Price, 
11 s. ($2.70). 

*“The Rise of the Sial and the Origin of Volcanic Energy,” by A. Rittman. 
Geologie en Mijnbouw, Vol. 1, New Ser., No. 6 (The Hague, Netherlands, June, 
1939), PP. 137-46; 2 figs. In German. 

Internal Constitution of the Earth, edited by Beno Gutenberg. “‘A physics 
of the earth monograph, prepared under the auspices of the National Research 
Council, Washington, D.C.” 413 pp. 6.75 X9.375 inches. McGraw-Hill Book 
Company, Inc. Price, $5.00. 

*“Teep-Drilling Technique and Geology,” by Hubert Becker. Bohrtech- 
niker-Zeitung, Vol. 57, No. 6 (Vienna, June, 1939), pp. 105-12; 3 figs. 

*Manual of Style for Editors, Compositors, and Proofreaders of the Oil and 
Gas Journal. Prepared by Dean Trickett. 128 pp. Petroleum Publishing 
Company, Tulsa, Oklahoma (i939). Price, $1.00. 

*Bibliography and Index of Geology Exclusive of North America, Vol. 6, 
1938, by John M. Nickles, Marie Siegrist, and Eleanor Tatge. Geol. Soc. 
America Spec. Paper (1939). 471 pp. Cloth. Outside dimensions, approx. 
6.5 X10 inches. 

*“Visual Studies of the Flow of Air-Water Mixtures in a Vertical Pipe,”’ 
by Sylvan Cromer and R. L. Huntington. Petrol. Technology, Vol. 2, No. 3 
(A.I.M.E., New York, August, 1939). A.J.M.E. Tech. Pub. 1080. 10 pp., 
9 figs. 

*“The Economics of Overdevelopment,” by John D. Gill. Jbid., A.J.M-E. 
Tech. Pub. 1084. 8 pp. 
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*“Multistage Stabilization of Crude,” by H. S. Gibson. Jbid., A.I.M.E. 
Tech. Pub. 1085. 12 pp., § figs. 

*“Principles of Well Spacing,” by Morris Muskat. Jbid., A.I.M.E. Tech. 
Pub. 1086. 15 pp., 5 figs. 

*Petroleum Facts and Figures, 6th ed. (1939). Prepared by the department 
of public relations, American Petroleum Institute, 50 West soth Street., New 
York. “‘Presents a statistical and factual picture of the operations and of the 
services of the American petroleum industry.” Foreword by Victor H. Scales. 
190 pp., 6 X9g inches. Paper. Price, $1.00. 

*“A Theory of Mountain-Building,” by David Griggs. Amer. Jour. Sci., 
Vol. 237, No. 9 (New Haven, Connecticut, September, 1939), pp. 611-50; 16 
fi 


gs. 

*“Subsidence by Thrusting: the Discussion of a Hypothetical Fault,” 
by Andrew Clawson. Bull. Geol. Soc. America, Vol. 50, No. 9 (New York, 
September 1, 1939), pp. 1381-94; 3 figs. 

*“Foraminifera of Submarine Cores from the Continental Slope,” by 
Fred B Phleger, Jr. Jbid., pp. 1395-1422; 3 pls., 4 figs. 

*“The Holotype of Barbatia (Acar) gradata (Broderip & Sowerby),” 
by Philip W. Reinhart. Trans. San Diego Soc. Nat. Hist., Vol. 9, No. 10 (San 
Diego, California, August 31, 1939), pp. 39-46; 1 pl. 


GERMANY 


*“Der Untergrund der Liineburger Heide” (The Subsurface at Liine- 
burger Heide, according to the Latest Drilling: Sketch of Stratigraphy and 
Tectonics), by W. Haack. Inst. Erdélforschung Tech. Hochschule Hannover 
Metteilungen 18. Reprinted from Abh. Nat. Ver. Bremen, Vol. 31, No. 2 
(1939), PP. 377-4097; 5 figs. 

ILLINOIS 


Oil and Gas Development Map of Patoka Area (Ts. 4-6 N., Rs. 1 W., and 
2 E.); Roaches (Ts. 1-3 S., Rs. 1 W., and 2 E.); Olney (Ts. 4-6 N., Rs. 9 E., 
14 W.); Albion (Ts. 1-3 S., Rs. 9 E., 14 W.). Illinois Geol. Survey. Scale, 
2 inches =1 mile. Blue-line prints obtainable from map agent, 305 Ceramics 
Building, Urbana. Price, $0.60. 


MISSISSIPPI 


*“Winston County Mineral Resources,” by Frederic Francis Mellen and 
Thomas Edwin McCutcheon. Mississippi State Geol. Survey Bull. 38 (Uni- 
versity, 1939). 169 pp., 32 figs., 1 pl. “Oil and Gas,” pp. 51-54. 

*“The Glass Dome.” Mississippi State Geol. Survey Press Mem. (Univer- 
sity, July, 1939). 2 mim. pp., incl. structure map. 

*“Structures in Warren County North of Vicksburg.” Jbid. (August 12, 
1939). I mim. p. 

*“The Satartia Structure, Yazoo County.” Jbid. (August 16, 1939). 2 
mim. pp., incl. structure map. 


MONTANA 


Cut Bank-West Kevin-Border Districts. Preliminary structural contour 
map, Glacier, Toole, and Pondera counties. Geology by C. E. Erdmann, 
assisted by N. A. Davis. Scale, 1:125,000 (1 inch =nearly 2 miles); contour 
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interval, 100 feet. 24X33 inches. The Director of the Geological Survey, 
Washington, D. C., Price, $0.25. 

NEW MEXICO 
*“Reservoir Characteristics of the Eunice Oil Field, Lea County, New 


- Mexico,” by C. C. Anderson, H. H. Hinson, and H. J. Schroeder. U. S. Bur. 


Mines Rept. Investig. 3456 (July, 1939). 15 mim. pp., 16 figs. 
PERU 


*“The Oil Fields of Peru,” by J. E. Rossmuss. Petrol. Zeit., Vol. 35, No. 
32 (Berlin, August 15, 1939), pp. 581-91; 8 figs. In German. 

*“Tectonics of the Petroliferous Tertiary of Northwest Peru,” by H. 
Falke. Ibid., pp. 591-92. In German. 


TEXAS 


*“Quaternary Stratigraphy in the Davis Mountains, Trans-Pecos Texas,” 
by Claude C. Albritton, Jr., and Kirk Bryan. Bull. Geol. Soc. America, Vol. 
50, No. 9 (New York, September 1, 1939), pp. 1423-74; 11 pls., 13 figs. 


VENEZUELA 


*“The Relationship of Structure to Petroleum Production in Eastern 
Venezuela,” by Willard Miller. Econ. Geol., Vol. 34, No. 5 (Lancaster, Penn- 
sylvania, August, 1939), pp. 524-36; 1 fig. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Sedimentary Petrology (Tulsa, Oklahoma), Vol. 9, No. 2 

(August, 1939). 

“The Origin of Stylolites,” by B. M. Shaub 

“A Modified Logarithmic Probability Graph for the Interpretation of Me- 
chanical Analyses of Sediments,” by George H. Otto 

“Sedimentary Rocks of the Niagara Gorge,” by John T. Sanford 

“Reflection of Provenance in Heavy Minerals of the James River,” by Mar- 
cellus H. Stow 


*Journal of Paleontology (Tulsa, Oklahoma), Vol. 13, No. 5 (September, 

1939). 

“‘Harrisoceras, a New Structural Type of Orthochoanitic Nautiloid,” by 
Rousseau H. Flower. 

“Structure and Taxonomic Position of Troedssonoceras foerste,”’ by Rousseau 
H. Flower 

“Fossil Leaves, Fruits, and Seeds of Cercidiphyllum,”’ by Roland W. Brown 

“Middle Devonian Polychaeta from the Lake Erie District,” by Clinton R. 
Stauffer 

“Two Unique Silurian Corals,” by Madeleine A. Fritz 

“Lichenaria coboconkensis, a New Coral from the Ordovician of Ontario,” 
by Vladimir J. Okulitch 

“Parallelopora goldfussii from the Devonian near Cody, Wyoming,” by J. 
Harlan Johnson and J. Pfender 

“Terebratulina kugleri, n. sp., from the Eocene of Soldado Rock,” by R. F. 
Rutsch 
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“Upper Cretaceous Fossils from Trinidad, B. W. I.,” by R. F. Rutsch 

“A New and Earlier Occurrence of the Edrioasteroid Genus Hemicystites,” 
by James S. Cullison and Chilton E. Prouty 

“A Skull of Osteoborus validus from the Early Middle Pliocene of Texas,” 
by C. Stuart Johnson 

“Comparison of the Siliceous Sponges Armstrongia Clarke, 1920, and Titus- 
villia Caster, 1939,” by Kenneth E. Caster 

“Genotype of the Ammonite Genus Rhacophyllites,” by Siemon Wm. Muller 

“Operculina barkeri, New Name for O. tuberculata Vaughan and Cole, 1936,” 
T. Wayland Vaughan and W. Storrs Cole 


Grand Ballroom of Stevens Hotel, Chicago, where 25th annual meeting of the 
Association will be held, April 10, 11, and 12, 1940. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive comniittee has approved fer publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to the Executive Committee, Box 979, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


E. Dumont Ackerman, Caripito, Venezuela, S.A. 

Roger H. Sherman, James W. Hunter, F. A. Sutton 
Hans Biirgl, Cairo, Egypt 

H. W. Haight, W. M. Small, A. E. Fath 
Laurence F. Dake, Houston, Tex. 

Phil F. Martyn, C. A. Warner, Donald E. Mathes 
Richard Freed, Midland, Tex. 

E. Russell Lloyd, Leonard C. Thomas, R. S. Powell 
Donald Leslie Frizzell, Negritos, Peru, S.A. 

Philip W. Reinhart, U. S. Grant, Robert M. Kleinpell 
Claude E. Leach, Santa Paula, Calif. ; 

R. M. Barnes, H. W. Hoots, H. J. Steiny 
Nicholas A. Rose, Houston, Tex. 

L. C. Glenn, C. W. Wilson, Kendall E. Born 


FOR ASSOCIATE MEMBERSHIP 


Thomas Charles Barger, Casoc, Bahrein Island, Persian Gulf 

Max Steineke, Richard C. Kerr, Trewhitt F. Harriss 
Willard Renick Hakes, Sanatorium, Tex. 

Hal P. Bybee, H. Gordon Damon, Robert H. Cuyler 
Carl B. Irwin, Caracas, Venezuela, S.A. 

R. H. Sherman, F. A. Sutton, G. F. Kaufmann 
Richard John Loeffler, Caracas, Venezuela, S.A. 

R. H. Sherman, F. A. Sutton, G. F. Kaufmann 
Robert William Mallory, Oberlin, Ohio 

Walter W. Larsh, R. J. Riggs, John G. Bartram 
Neil Warren Mann, Cassoc, Bahrein Island, Persian Gulf 

Barney Fisher, Eugene McDermott, W. R. Ransone 
Joseph Bode Mountjoy, Hobbs, N. Mex. 

Carl F. Barnhart, W. D. Anderson, J. F. Hosterman 
John William Thomas, Casoc, Bahrein Island, Persian Gulf 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Martin G. Egan, Abilene, Tex. 
Robert E. King, Richard E. Gile, E. Russell Lloyd 


(Continued on page 1602) 
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ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 


Henry A. Ley, chairman, Southern Cross Oil Company, San Antonio, Texas 
Ep. W. Owen, secretary, L. H. Wentz (Oil Division), San Antonio, Texas 
Donatp C. Barton (deceased, July 8, 1939) 

L. Murray NEuMANN, Carter Oil Company, Tulsa, Oklahoma 

W. A. VER Wiese, University of Wichita, Wichita, Kansas 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


Freperic H. (1940) 


FINANCE COMMITTEE 
E. DeGoryver (1940) Wattace E. Pratt (1941) W. B. Heroy (1942) 


TRUSTEES OF REVOLVING PUBLICATION FUND 
D. REED (1940) GroRGE S. BUCHANAN (1941) Froyp MILier (1942) 


TRUSTEES OF RESEARCH FUND 
Sam M. Aronson (1940) Artuur A. BAKER (1941) WALTER R. BERGER (1942) 


BUSINESS COMMITTEE 


L. C. Morcan (1940), chairman, 358 North Dellrose, Wichita, Kansas 
E. O. MarkHAM (1940), vice-chairman, Carter Oil Company, Tulsa, Oklahoma 


C. C. ANDERSON (1940) H. L. Driver (941) Vircit PETTIGREW (1940) 
H. K. ArMsTRONG ) Detar R. Guinn (1941) Paut H. Price (1941) 
A. A. BAKER (1940) H. M. Hunter (1941) Gayte Scort (1 
W. A. BaKER (1939) G. M. KNEBEL (1941) H. B. STENZEL (1940) 
W. N. BaLrarp (1941) Henry A. Ley (1941) W. T. Txom, Jr. (1941) 
E. J. Bartosx (1940) P. W. McFartanp (1940) W. C. THompson (1940) 
N. Woop Bass (1941) J. H. McGurrt Gos) C. W. Tomutnson (1941) 
A. H. Bett (1941) C. C. MILLER (1941) W. A. VER WIEBE (1940) 
}: Boyp Best (1941) C. L. Moopy (1941) E. B. Wiison (1941) 

D. CartwriGat (1941) L. M. NEUMANN (1940) W. B. Witson (1940) 
& DANIELs (1941) H. H. Nowtan (1941) Rosert H. Woop (1941) 

K. DeForp (1941) Ep. W. Own (1940) C. E. YAGER (1941) 
C. E. Dosstn (1941) 

MEMBERS-AT-LARGE 

Paut L. (1940) J. V. HOWELL (1940) Joun L. Troxe.t (1940) 


A. R. DENISON (1940) Max L. KrvEGER (1940) 


REPRESENTATIVE TO MINNEAPOLIS MEETING 
GEOLOGICAL SOCIETY OF AMERICA 


R. S. KNapren, Gulf Oil Corporation, Tulsa, Oklahoma 
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ASSOCIATION COMMITTEES 
COMMITTEE FOR PUBLICATION 
R. E. RETTGER (1942), chairman, Sun Oil Company, Dallas, Texas 


1940 1941 1942 
Cart C. ADDISON Tuomas H, ALLAN Cartes G. CARLSON 
C. I. ALEXANDER T. C. Craic James Terry DucE 
GEORGE R. Downs A. B. Gross Coteman D. HUNTER 
Harotp W. Hoots Rosert F, Imst Lewis W.McNavuGHTON 
J. HaRLan JOHNSON J. T. RicHarps Car ton D. SPEED, JR. 
A. M. Lioyp J. Marvin WELLER James L. Tatum 
J. MAvcINI Frep H. Wiicox 


Grauam B. Moopy 
RESEARCH COMMITTEE 
A. I. LEvorSEN (1942), chairman, 221 Woodward Boulevard, Tulsa, Oklahoma 


1940 1941 1942 

Howarp S. BRYANT E. WAYNE GALLIHER N. Woop Bass 
LesuiE G. CasE H. Monroe G. CHENEY 
W. C. W. S. W. Kew Ronatp K. DeForp 
EuGENE McDERMOTT Joun C. MILLER Winturop P. HAYNES 
C. V. MILLIKAN D. Perry OLcott Ross L. HEATON 
GayLe Scott Ben H. PARKER Beta HuspBaRD 

E. H. SELLARDS WENDELL P. B. Kinc 
THERON WASSON F. W. RoLsHAUSEN T. E. 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Joun G. BARTRAM (1942), chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


1940 1941 1942 

K. Mowroe G. CHENEY Joun E. ADAms 
Gtenn S. DILLE Rosert H, Dorr Gentry Kipp 
BENJAMIN F, HAKE Haro. N. Hickey D. MIseRr 

R. M. Kiermpetyi MERLE C. ISRAELSKY Raymonp C. Moore 
C. W. Wa ter K. Linx 


PERMIAN SUB-COMMITTEE 
C. W. Tomitnson (1940), chairman, 509 Simpson Building, Ardmore, Oklahoma 


1941 1942 
Monroe G. CHENEY Joun E. Apams 
Rosert H. Dorr Raymonp C. Moore 


COMMITTEE ON APPLICATIONS OF GEOLOGY 


CarroLt E. Dossin (1942), chairman, U. S. Geological Survey, 224 Custom House, 
Denver, Colorado 
J. CLARENCE KARcHER (1942), vice-chairman representing geophysics, 406 Continental 
Building, Dallas, Texas 
CaREY CRONEIS (1942), vice-chairman representing paleontology, Walker Museum, 
University of Chicago, Chicago, Illinois 


1940 1941 1942 
H. S. McQuEEN Hat P. ByBee Lutuer E. KENNEDY 
B. B. WEATHERBY Henry C. Corres CHALMER J. Roy 

E. E. RosarrE Ear A. TRAGER 


COMMITTEE STUDYING METHODS OF ELECTING OFFICERS 
WALTER R. BERGER, chairman, Trinity Building, Fort Worth, Texas 
R. M. BaRNEs A. R. DENISON C. E. Dossm, 
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MID-YEAR MEETING 


HENRY A. LEY 
San Antonio, Texas 


There is no mid-year meeting of the Association this year. They are not 
required by our Constitution, nor have they been held every year. Our first 
mid-year meeting convened at Denver, Colorado, in 1922; our latest one at 
El Paso, Texas, in 1938. Past meetings have been colorful and successful. 
Their technical programs have been comprehensive and the source of many 
important contributions to our Bulletin. 

Past meetings were successful because they were sponsored by local dis- 
tricts in response to a widespread will to do among their members and spon- 
taneous enthusiastic support. This year your executive committee found no 
enthusiastic sponsorship in four districts canvassed, and consequently con- 
cluded not to force a mid-year meeting. 

Annual convention statistics show that not more than 30 per cent of our 
membership attends, even when held in regions of highest membership den- 
sity. The current executive committee is inclined to believe that our local so- 
cieties, singly or in combination, may improve the esprit de corps by arranging 
one or more annual field trips, as many of the societies have done for years. 
One or two full days could be devoted to presentation of papers. Such meet- 
ings, in our opinion, should be attended by one or more members of your na- 
tional executive committee. They can readily take on the color, scope, and 
comprehensiveness of the national mid-year meetings. 


SOCIETY OF EXPLORATION GEOPHYSICISTS 


HENRY A. LEY 
San Antonio, Texas 


The Society of Exploration Geophysicists will not meet with the American 
Association of Petroleum Geologists at Chicago in 1940. This your executive 
committee regrets, especially since it believes that these two important arms 
in petroleum exploration have much in common. Correspondence between the 
presidents of these two groups follows. 


President Henry A. Ley 

American Association of Petroleum Geologists 
1042 Milam Building 

San Antonio, Texas 


Dear President Ley: 


At its last meeting the Executive Committee of the Society of Exploration Geo- 
physicists was advised that your Association had narrowed down its choice of place for 
the 1940 annual meeting to St. Louis and Chicago. The oil developments of the past 
few years in Illinois no doubt had an important bearing on this choice and there is little 
doubt that the A. A. P. G. could hold a meeting at either a with every assurance 
that it would be a successful one. Unfortunately, we seem to have good reason to feel 
that this is not true of the S. E. G. By far the greater portion of our membership is 
engaged in field activity and to assure well attended meetings, we cannot go very far 
outside the area where geophysical field work is largely concentrated. For this reason 
we regretfully decided that if the A. A. P. G. met in St. Louis, we would also meet there 
and that our _— meetings would be codrdinated in the usual manner, but that 
if the A. A. P. G, met in Chicago, we would hold our meeting separately at some place 


August 18, 1939 
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more centrally located for the geophysicists and at a time that would permit attendance 
at both meetings. 

In reaching this decision the idea was frequently expressed that in the future every 
reasonable effort should be made to hold S. E. G. annual meetings at the same time and 
place as those of the A. A. P. G. and it is my hope, which is shared by mest, if not all of 
my colleagues, that a substantial majority of our future annual meetings will be joint 
ones. 

The decision to hold our 1940 annual meeting at a time and place different from 
that chosen by the A. A. P. G. for its annual meetings must not be regarded as evidence 
of conflicting interests, except only that we doubt very seriously whether S. E. G. can 
hold a meeting well attended by its members in Chicago. For that reason, and for it 
only, we will hold our annual meeting probably in one of the oil centers of the south- 
west. When definite plans have been made, we expect to extend a personal invitation 
to you to attend our meetings and the Society will welcome the attendance of any mem- 
bers of the A. A. P. G. who may be interested. 

Yours very truly 
(Signed) E. A. Ecknarpt, president 
Society of Exploration Geophysicists 
EAE:MS:mw 


September 6, 1939 
ANNUAL MEETING 1940 
President E. A. Eckhardt 
Society of Exploration Geophysicists 
P. O. Box 2038 
Pittsburgh, Pennsylvania 
Dear President Eckhardt: 

The American Association of Petroleum Geologists regrets the decision of the Ex- 
ecutive Committee of the Society of Exploration Geophysicists not to meet with us in 
1940 at Chicago. 

This Association and the Society, of which you are president, are important factors 
in petroleum exploration. Both, in my opinion, will be called upon by our national 
economy to accelerate their activities as time goes on. Both groups, in my opinion, are 
destined to be long enduring, and of increasing importance in petroleum exploration. 
It is, therefore, a pleasure to note the cordiality of your letter, and the expressed hope 
“that in the future every reasonable effort should be made to hold S. E. G., annual 
meetings at the same time and place as those of the A. A. P.G....” 

Whatever place you select, the A. A. P. G. extends most sincere wishes for a suc- 
cessful and well attended S. E. G. annual meeting. We hope that many of your members 
will attend our Chicago meeting where they will be cordially welcomed. 


Sincerely, 
(Signed) Henry A. Ley 
HAL:mw 


PERMIAN VOLUME’ 


RONALD K. DEFORD?* 
Midland, Texas 


HISTORY OF THE IDEA 


At the mid-year meeting in El Paso, Texas, September—October, 1938, 
the well ordered technical program was a successful summary of the geology 
of West Texas and New Mexico. Regional cross sections, introductory papers, 
papers on pre-Permian geology, and well selected field trips served to intro- 
duce the main subject of the meeting, which was the geology of the Permian 
system in the West Texas-New Mexico Permian basin. 


} Manuscript received, September 8, 1939. 
* Editor, Permian volume. Postoffice Box 865. 
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The stimulus of the successful program was evident at the luncheon meet- 
ing of the Association’s research committee, where Raymond C. Moore pro- 
posed that the Association sponsor and publish a volume on the geology of 
the Permian system in the western interior United States. 

In subsequent months through correspondence and interviews A. I. 
Levorsen, chairman of the research committee, investigated the feasibility 
of such a project and gathered preliminary plans for its execution. He pre- 
sented his results to the executive committee of the Association at the 24th 
annual meeting in Oklahoma City, March, 1939. The executive committee 
voted to “approve the research committee’s project of a symposium on the 
Permian west of the Mississippi River,’’ and appointed Ronald K. DeFord 
editor and Raymond C. Moore associate editor. E. Russell Lloyd has since 
been appointed associate editor. Meanwhile the impetus of the mid-year 
meeting has not died down, but studies of the Permian, fundamental to a 
Permian volume, have continued. Authors and editors have been at work to 
bring to publication the papers read at E] Paso. A number of these are ready 
and will probably appear in the January, 1940, Bulletin as Part I of the “West 
Texas-New Mexico Symposium.” 

J. T. Richards, chairman of the technical program committee of the 
Oklahoma City annual meeting, divided his program into sections one of 
which was devoted to the Permian. The excellent “Anadarko Basin Field 
Trip” to the Whitehorse and El Reno outcrops preceded the meeting. The 
program of the Permian session was headed by Carl O. Dunbar, who read a 
paper on “The Permian System: Its Classification and Correlation.” Sher- 
wood Buckstaff gave his paper, “The Permian Sediments of Oklahoma.” In 
preparing this paper Buckstaff became the center of considerable correspond- 
ence about the proper subdivision of the Permian system into series. The 
program also included George H. Norton’s definitive paper on the Kansas 
red beds, and paleontologic papers by Carl O. Dunbar on Permian fusulines, 
A. K. Miller on Permian ammonoids, and Norman D. Newell and others on 
the fauna of the Whitehorse. 

An evening “round-table discussion” (more accurately, an open meeting) 
at Oklahoma City carried forward the discussion of Permian problems and 
classification. The proposed subdivision* of the Permian system into series 
based on the typical section in and around the Delaware basin grew directly 
out of the “‘round table.” The first draft was prepared in Midland, Texas, 
a week later and subsequently underwent a wide distribution and revision. 

In May, 1939, John G. Bartram, chairman of the Association’s geologic 
names and correlations committee, appointed a Permian subcommittee con- 
sisting of C. W. Tomlinson, chairman, John Emery Adams, M. G. Cheney, 
Robert H. Dott, and Raymond C. Moore, “to prepare a digest and recom- 
mendations for the classification and nomenclature of Permian rocks of the 
United States.”’ The subcommittee’s first studies were brought to a focus by 
an all-day meeting in Fort Worth on June 17. There the entire membership 
agreed on a preliminary report that has since been widely circulated for 
criticism and correction to local geological societies and interested individual 
geologists. Copies may be obtained from C. W. Tomlinson, Simpson Building, 
Ardmore, Oklahoma. 

§ John Emery Adams, M. G. Cheney, Ronald K. DeFord, Robert I. Dickey, Carl O. 
Dunbar, John M. Hills, Robert E. King, E. Russell Lloyd, A. K. Miller, and C. E. 
Needham, “Standard Permian Section of North America,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 23, No. 11 (November, 1939). 
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This preliminary report recommends that the Permian be recognized as 
a system and gives reasons for the recommendation. It defines the terms 
system, series, group, and outlines the characteristics of a suitable standard 
section. It recommends the section of the ‘““Delaware basin and its bordering 
uplifts” as the most suitable standard American section of the Permian. It 
i proposes certain lower and upper boundaries for the Permian and recem- 
mends the subdivision of the Permian system into four series named Wolf- 
camp, Leonard, Guadalupe, and Ochoa, as proposed in the note by John 
Emery Adams and others, previously mentioned. 

The wide circulation that this preliminary report has had and the warm 
discussion it has elicited will not only aid the subcommittee to prepare a 
well considered final report that will serve as a semi-official standard of 
reference but will also further stimulate widespread study of the problems 
of hs Permian that will prove valuable as ground work for the Permian 
volume. 

Carl O. Dunbar is chairman of the National Research Council’s commit- 
i tee on stratigraphy and also chairman of the Council’s subcommittee on the 
Permian. The committee on stratigraphy has nearly completed correlation 
charts for all the systems of the geologic column; this has been a work of 
several years. The original plan contemplated that each of these charts 
would be followed by a volume for each system giving a summary of the 
stratigraphy. Carl O. Dunbar has generously said that he would withhold 
his preliminary plans and give the right of way to the Association’s Permian 
volume. The National Research Council’s correlation chart on the Permian, 
soon to be published, will be another forward step toward a better history of 
the Permian. 

Mention must be made of the whole-hearted codperation of the United 
States Geological Survey. Philip B. King has been in the midst of the plans 
and discussions. His forthcoming paper on the West Texas Permian will be 
fundamental to subsequent work. At the Oklahoma City meeting Arthur A. 
Baker and James Steele Williams described the little-known but surprisingly 
thick Permian section near Provo, Utah. The sagacious advice of Hugh D. 
Miser and the philosophical discussions of James Steele Williams have been 
and will be invaluable. Other members of the Survey have been unselfishly 
codéperative whenever called upon. 

All this can be considered the pre-history of the Permian volume, the 
story of how the idea grew. There follows an outline of the plan. This is pre- 
liminary, and it will be developed and modified in the execution. 


PLAN 


The purpose of the Permian volume is to reconstruct the Permian history 
of the western interior United States and to correlate the geologic history of 
this part of the Permian system with its present economic importance. So 
large a purpose can not be realized by next month or next spring. The prob- 
able publication date is 4 or 5 years in the future. 

The Permian volume will be a publication of the American Association of 
Petroleum Geologists. A large percentage of the data on which it must be 
based will necessarily come from petroleum geologists, and petroleum 
geologists are the readers whom the authors should have first in mind in 


planning and writing this volume. 
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The proposed plan is fiyst to reconstruct the geologic history; then to 
develop its connection with economics in a final section of the volume, which 
will show the fundamental relation of Permian stratigraphy, structure, and 
paleogeology to such important economic factors in the past, present, and 
future history of the United States as the production of oil and potash. 

Now, geologic history involves such interesting subjects as paleogeogra- 
phy, sedimentation, the origin of oil. But a geologist’s conception of the his- 
tory of any geologic period can be derived only from the study of geologic 
data gathered in the field. There are three types of information relative to the 
geologic parts of the volume, which may be classed as primary, secondary, and 
tertiary. 

1. The primary facts. These are the measured vertical sections, and facts 
about the characteristics of the rocks, their observed gradations and con- 
tained fossils. 

2. The secondary data. These are the correlations of Permian formations 
derived from study of the primary facts. 

3. The tertiary syntheses. These are the reconstructions of Permian 
history derived entirely from scientific study of the other two types of in- 
formation. Paleogeography and sedimentation belong here. 

Although the distinction between the primary facts of measurement and 
the secondary data of correlation should be kept always in mind, and during 
composition the correlations should be continually re-verified, the presenta- 
tion of these two types of information forms a natural unit, commonly found 
in geologic papers under the heading “Stratigraphy.” They will be treated 
together in the first part of the Permian volume, which will thus consist of 
three major parts: I. Stratigraphy; II. Geologic History; III. Economics. 
The present plan is to leave the most important parts, the geologic history 
and the economics, pretty much to the future and to lay the foundation now 
by concentrating on the measured sections and their correlation. These can 
be presented partly by reference to other publications and partly by original 
summary in the first part of the volume. 

The first step in preparing this summary will be to cover the region with a 
network of measured sections. In the West Texas-New Mexico district, to 
take a concrete example, such a “measured section” will not be a single 
measurement and description of the outcrop on a lone mountainside, nor will 
it be the sample log of a single well, but it will be compound. It will consist, 
for example, of a group of three or four sample logs of wells so located as to 
constitute a representative cross section of a typical unit of the region. These 
graphic logs will be shown on one page of the volume, evenly spaced without 
regard to horizontal distance between wells, and the relevant written matter 
will be on the page facing the diagram. Correlation lines will connect the logs. 

The plan is to have in Midland, Abilene, Wichita Falls, Amarillo, Okla- 
homa, Kansas, and elsewhere local chairmen in charge of committees. The 
work of the committees will be to choose the proper network of sections, to 
divide among many geologists the work of preparing the individual logs and 
single sections, to combine these into the compound form and draw the 
necessary correlation lines, and to coéperate with the other committees in 
correlating the compound sections one with another. 

Paleontologic evidence will play an essential part in the long-range cor- 
relations, and the committees will seek the aid of all informed paleontologists. 
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A summary of the paleontology of the Permian, with special emphasis on 
index fossils, is also considered desirable. 
When the work on the foundation is well under way, it will be time enough 
to consider in detail how to present the different aspects of Permian history. 
Comments, advice, and criticism are earnestly solicited. Write to the 
editor now or at any future time about anything you may have in mind. 


SPEAKERS SERVICE 


CHALMER J. ROY 
University, Louisiana 


The executive committee, acting on the suggestion in the report of the 
research committee for last year, has established a speakers service as a part 
of the committee on applications of geology. 

The research committee has found that a number of universities would 
like to secure speakers from the membership of the Association. These speak- 
ers may be wanted for a special occasion to address a general audience but in 
most instances the speaker will give one or more lectures to students in ge- 
ology. In schools having large and active geology departments the lectures 
may be on highly technical subjects whereas schools with little or no geology 
will desire more general subject matter. Ordinarily no fee is available for such 
speakers but in most instances expenses will be paid. 

Also it seems probable that many civic organizations will avail them- 
selves of this service. Clubs of many types desire speakers on geologic subjects 
for luncheon, afternoon, or evening meetings. Here again the funds available 
will permit only the payment of the speaker’s expenses in most instances. In 
this work the speakers will have an opportunity to create a greater public 
interest in geology and, even more important, see that the public is accurately 
informed on various aspects of petroleum geology. 

Professor Chalmer J. Roy of Louisiana State University has been ap- 
pointed a member of the committee on applications of geology and is in charge 
of the speakers service. Any member of the Association willing to devote time 
to this work should write Professor Roy giving full details about subject mat- 
ter on which the member is prepared to speak; fee expected, in addition to 
expenses, if any; and times at which member will be available. It is hoped that 
members in all parts of the country will codperate so that speakers may be 
readily available wherever desired. 
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CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


Joun R. Donce, head of the division of petroleum engineering at the 
University of Southern California, Los Angeles, announces a new course in 
petroleum geology, listed as “Geology 157,” to be given by STANLEY HEROLD, 
beginning September 29. The course in mathematical analysis of petroleum 
problems, listed as “Petroleum Engineering 121,” also given by Stanley 
Herold, will begin its second quarter, September 27. 


HENRY SCHWEER, consulting geologist of Oklahoma City, has accepted 
a position with the Socony Vacuum Oil Company and may be addressed at 
Apartado 246, Caracas, Venezuela. 


O. S. Hervey is doing core analysis work in the chemistry department 
of the Sun Oil Company, Dallas, Texas. 


Morcan E. McCaskeEy, recently returned from Washington and New 
York, announces opening an office at 211-12 Praetorian Building, Dallas, 
Texas, to serve his north-central Texas clientele. 


The Appalachian Geological Society, Charleston, West Virginia, held its 
first fall meeting at the Kanawha Hotel, September 11. LEo RANNEy spoke 
on “The First Horizontal Well in the Cow Run Sand near McConnellsville, 
Ohio.” 


Guy E. MItter, of the Shell Oil Company’s geological department at 
Bakersfield, California, has been appointed division geologist of the San 
Joaquin division. 

RapH D. REED, of Los Angeles, chief geologist of The Texas Company 
(California), vice-president of the Association in 1930, editor of the Bulletin 
in 1932, president in 1936, author of Geology of California (1933), senior author 
of Structural Evolution of California (1936), and otherwise generous contributor 
to the prestige of the Bulletin and the Association, was elected honorary mem- 
ber of the Association by the executive committee in session at Tulsa, Okla- 
homa, September 16. 


H. W. Srravey, III, formerly at Chapel Hill, North Carolina, may be 
addressed at Box 363, Waco, Texas. 


C. L. MorGan is district geologist for the Lion Oil Refining Company at 
Jackson, Mississippi. His address is 228 Mt. Vernon. 


W. P. Jenny, consulting geologist and geophysicist, has returned to 
907 Sterling Building, Houston, Texas, after several months in Europe. 


O. E. STONER, geologist for The Major Oil Company of Texas, with offices 
in the Court Arcade Building, Tulsa, Oklahoma, is at 826 Ravenswood, Evans- 
ville, Indiana. 


1598 


| 


\ x 
> 
| 
4 
‘4 
| 
| 


AT HOME AND ABROAD 1599 


The American Society of Photogrammetry presented the following papers 
at its semi-annual meeting in San Antonio, Texas, September 26—28: ‘‘Photo- 
grammetry—the Science of Measuring Photographs,” by W. SCHERMERHORN, 
Delft, Holland; “Photogrammetry-Radiology,” by Datron RIcHARDSON, 
Austin, Texas; ‘Making Aerial Photographs,” by VirciL KAUFFMAN, 
Philadelphia, Pennsylvania; ‘The Construction and Performance of Zeiss 
Aerial Cameras,” by Gustav Hess, Jena, Germany; “Interpretation of 
Aerial Photographs,” by Frank MeEtton, Norman, Oklahoma; ‘‘Mosaics 
and Planimetric Maps,” by Louts A. Woopwarp, U. S. Soil Conservation 
Service; “Topographic and Cadastral Mapping by the Brazos District,” by 
Eric Hagurnius and G. C. Morris; “The Uses of Aerial Photogrammetry 
in the Petroleum Industry,” by G. W. Herzoc, Houston, Texas; ‘‘The Use 
of Aerial Photographs and Maps by the Texas Highway Department,” by 
Juttan Montcomery; “The Aerial Photographic and Photogrammetry 
Activities of the Federal Government,”’ by MARSHALL S. WricurT; “‘Require- 
ments for Completion of Modern Mapping in Texas,” by J. C. CARPENTER. 


Jerome B. BurNETT may be addressed in care of the Vacuum Oil Com- 
pany, Pty., Ltd., 29 Market Street, Melbourne, Australia. 


A Cambro-Ordovician symposium sponsored by Sigma Gamma Epsilon, 
honory geologic fraternity, will be held at Norman, Oklahoma, on the eve- 
ning of November 4, under the direction of Ropert H. Dott, director of the 


Oklahoma Geological Survey. CHARLES E. DECKER, professor of paleontology . 


at the University, will be chairman of the program. The customary banquet 
will be held in the early evening following the Iowa State-Oklahoma Univer- 
sity homecoming football game. 


The expedition to the Pacific Islands, under the auspices of the National 
Geographic Society and the University of Virginia with the codperation of the 
United States Coast Guard, which left San Francisco last month on the Coast 
Guard cutter Hamilton, is under the leadership of Professor W1LBuR A. NEL- 
son, of the University of Virginia department of geology. Cores of mud will 
be taken from the ocean bottom, gravity and magnetic investigations will be 
made, and sea life will be studied. 


ROGER REVELLE, of the Scripps Institution of Oceanography of the Uni- 
versity of California, is in charge of the cruise of the research vessel E. W. 
Scripps, which left San Diego in August for the study of ocean currents and 
undersea strata from San Diego to Santa Barbara, California. 


GrorcE B. Somers, of the Deutsche-Vacuum Oel Company, Hamburg, 
Germany, has returned to the United States. His address is 721 Browder 
Street, Dallas, Texas. 


W. E. BAKKE has moved from Owensboro, Kentucky, to 254 College Ave- 
nue, Holland, Michigan, where he is in business for himself. 


D. L. BLackstTonE, Jr., recently at St. Joseph, Missouri, has resigned 
from the Carter Oil Company and accepted an assistant professorship at the 
University of Missouri. 
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F. W. RoisHavuseENn, of the Humble Oil and Refining Company, spoke be- 
fore the Houston Geological Society, September 14, on ““A Few Common Fos- 
sil Horizons of the Gulf Coast.” 


Jostau Taytor, of the General Geophysical Company, has been trans- 
ferred from the Bakersfield office to Houston, Texas. 


The West Texas Geological Society annual fall field trip will be held this 
year in the Llano-Burnet region, immediately following the annual convention 
of Texas Academy of Science, meeting at the University of Texas, Austin, 
Texas, November 8, 9, and 10, 1939. Hat P. ByBEE, chairman of the depart- 
ment of geology of the University of Texas, recently conferred with officers 
and members of the West Texas Geological Society regarding details of the 
field trip. Present plans call for West Texas and other geologists, not attend- 
ing the convention, to meet at Brady, Texas, Friday night, November 10. 
They will be joined at Brady, Saturday morning, November 11, by members 
of the Texas Academy of Science from Austin, for that day’s field trip, under 
competent guides, through part of the Llano-Burnet area. Headquarters, 
Saturday night, will be Austin, Texas, where the visiting geologists and the 
Academy members will attend a dinner at the University in honor of a special 
speaker. Sunday morning, November 12, the field trip will continue from 
Austin, through the remaining part of the Llano-Burnet area, breaking up, 
Sunday evening, within a few hours’ drive of West Texas, Austin, and other 
points. Geologists making this field trip will be given a special opportunity to 
study pre-Pennsylvanian stratigraphy. Recent flush production obtained 
from the Ellenburger limestone, Lower Ordovician, in Pecos County, Texas, 
has aroused new interest in detailed stratigraphic study of the Ellenburger 
section itself. Officers of the West Texas Geological Society, Midland, Texas, 
an affiliate of the American Association of Petroleum Geologists, are: presi- 
dent, Berte R. Haicu, University Lands; vice-president, W. C. Fritz, Shell 
Oil Company; secretary-treasurer, J. E. Summons, Continental Oil Company 


FRANK A. HERALD, who recently resigned his position with the Oil and 
Gas Unit of the Securities and Exchange Commission at Tulsa, Oklahoma, has 
accepted the position of chief engineer with the Independent Oil Producers 
Equity Association, 818 Scarbrough Building, Austin, Texas. 


S. D. Butcuer, formerly in charge of the Houston district for the Mid- 
states Oil Corporation, is now located at the Commodore Hotel, Wichita, 
Kansas. 


Joun W. Brice, of the Standard Oil Company (New Jersey), has moved 
from New York to Caracas, Venezuela, to be executive assistant to H. E. 
Linam, president of the Standard Oil Company of Venezuela. 


G. Moses KNEBEL is now on the executive staff of the producing depart- 
ment of the Standard Oil Company (New Jersey) at New York City, having 
been transferred from Caripito, Venezuela. 


The annual meeting and field trip of the South Texas Geological Society 
is being held, October 20-23. Those taking the field trip assemble at Laredo, 
Thursday night, October 19, and leave, Friday morning, October 20, to cover 
the territory between Laredo and Sam Fordyce, at which latter point the 
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field trip ends for the day and the members proceed to Brownsville to spend 
the night. The Plaza Hotel at Laredo and the El Jardin Hotel at Brownsville, 
Texas, are the stopping places. The technical sessions, in charge of Joseph M. 
Dawson, chairman of the program committee, are held in the El Jardin Hotel, 
Brownsville, Saturday, October 21, during the day. A second field trip, Sun- 
day morning, October 22, led by W. ARMSTRONG PRICE, covers the territory 
between Brownsville and Mission, Texas. I. K. HowEtTH, 2109 Alamo National 
Building, San Antonio, and L. B. HERRING, 636 Nixon Building, Corpus 
Christi, Texas, are in charge of arrangements. WILLIS Storm is president and 
Rosert N. Kotm is secretary-treasurer of the society. The following papers 
are on the technical program. 


1. Geological Workshops and Showrooms—HEnry LEy, president, American 
Association of Petroleum Geologists, San Antonio 

2. Revision of a Portion of the Areal Geology along the Ric Grande, South- 
east of Laredo—FritH C. Owens, Nueces Royalty Company, Corpus 
Christi 

3. Samfordyce Field, Hidalgo and Starr Counties, Texas—E. L. Eart, Fohs 
Oil Company, and FrepEriIcK W. MUELLER, Skelly Oil Company, Hous- 
ton 

4. Economics and Evaluation of Oil and Gas Fields of South Texas—L. B. 
Corpus Christi 

5. Commercial Production of Synthetic Products from Natural Gas— 
Harrop M. Smiru, U. S. Bureau of Mines, Bartlesville, Oklahoma 

6. Soil Analysis with Particular Application to South Texas—-EUGENE Mc- 
DERMOTT, Geophysical Service, Inc., Dallas : 

7. Physiographic Mapping of Quaternary Formations in the Rio Grande 
Delta—W. ARMSTRONG Price, Corpus Christi 

8. Oil and Gas Fields of the Rio Grande Valley of Texas—L. C. Smitu, Sun 
Oil Company, Dallas 


The Fort Worth Geological Society cpened its fall program, September 
25, with an address by CHARLES F. ROESER, president of the Independent 
Petroleum Association of America, on the subject “Current Conditions in the 
Oil Industry.” 


Matvin G. Horran, chief geologist of the Midco Oil Corporation, Tulsa, 
addressed the Shawnee Geological Society at Shawnee, Oklahoma, September 
25, on the subject, “The Rédle of Isostasy in Mountain Building.” 


Atva C. ELiisor, research paleontologist with the Humble Oil and Re- 
finding Company, spoke on “Subsurface Miocene of Louisiana,” before the 
Houston Geological Society, September 21. 

Louts C. RoBerts, JR., announces the opening of his consulting office at 
2527 Gulf Building, Houston, Texas. 


A. H. GARNER has moved from his New York Office to the First National 
Bank Building, Dallas, Texas. 


Joun J. Rupnix has resigned from The Texas Company and has entered 
the California Institute of Technology for graduate work. His address is 105 
South Catalina Avenue, Pasadena, California. 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 
(Continued from page 1589) 


FOR ACTIVE MEMBERSHIP 


Charles M. Cross, San Francisco, Calif. 
Joseph A. Taff, F. A. Menken, G. D. Hanna 
Herbert Richard Lovely, Budapest, Hungary 
R. P. Walters, K. D. White, H. Hlauschek 
Silas Frederick Shaw, San Antonio, Tex. 
Joseph M. Dawson, Richard W. Camp, Hubert E. Bale 


FOR ASSOCIATE MEMBERSHIP 


Richard Stewart Ballantyne, Jr., Los Angeles, Calif. 

Robin Willis, U. S. Grant, M. Van Couvering 
Joe August Champion, Caracas, Venezuela, S. A. 

R. H. Sherman, F. A. Sutton, G. F. Kaufmann 
Peter H. Gardett, Los Angeles, Calif. 

Dwight H. Thornburg, W. P. Winham, Art R. May 
Charles Campbell Green, Jr., Houston, Tex. 

William S. Pike, Jr., Frank G. Evans, Jr., Thomas L. Bailey 
John Darrow Hale, Bakersfield, Calif. 

Art R. May, D. E. Taylor, E. C. Simpson 
Wilfred Bonno Tapper, Wichita Falls, Tex. 

Hillard W. Carey, A. C. Trowbridge, A. K. Miller 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Eugene Melvin Baysinger, Lake Charles, La. 
R. B. Grigsby, G. O. Grigsby, W. R. Canada 
Owen W. Simonton, Mattoon, II. 
Dewitt T. Ring, B. S. Ridgeway, C. W. Studt 
Harvey Burton Whitaker, San Antonio, Tex. 
W. W. McDonald, W. W. Harvey, Herschel H. Cooper 


= 
te clare 
> 
pi 
(4 
~~ 
af 
& 
4 
f 


Bulletin of The American Association of Petroleum Geologists, October, 1939 


PROFESSIONAL DIRECTORY 


om for Professional Cards Is Reserved for 
embers of 


rs of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 979, Tulsa, O) 


CALIFORNIA 


WILLARD J. CLASSEN 
Consulting Geologist 


Petroleum Engineer 
1093 Mills Building 
SAN FRANCISCO, CALIFORNIA 


RICHARD R. CRANDALL 


Consulting Geologist 


404 Haas Building 
Los ANGELES, CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


PAUL P. GOUDKOFF 
Geologist 

Geologic Correlation Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 
401 Hass Building 


Los ANGELES, CALIFORNIA 


CHAS. GILL MORGAN 
United Geophysical Company 
Pasadena 


California 


WHitney 9876 


R. L. TRIPLETT 
Contract Core Drilling 


2013 West View St. 
Los ANGELES, CALIF. 


R. W. SHERMAN 
Consulting Geologist 
Security Title Insurance Building 


530 West Sixth St. 
Los ANGELES 
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COLORADO 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 


— Instruments — 
— Surveys — Interpretations — 


C. oS... 


KANSAS 


L. C. MORGAN 
Petroleum Engineer and Geologist 


Specializing in Acid-Treating Problems 
358 North Dellrose 
Wicnita, Kansas 


MARVIN LEE 


Consulting Petroleum Geologist 
1109 Bitting Buildi: 
Wicnita, 

Office: 3-8941 Residence: 4-4873 
GEOLOGY AND PRODUCTION PROBLEMS OF 
OIL AND GAS IN THE UNITED STATES 
Formerly Technical Adviser to State Corporation 
Comanission. Official mail should be addressed to 

the Commission. 


LOUISIANA 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 


Specializing in Magnetic Surveys 
Giddens-Lane Building Sureveport, La. 


MICHIGAN 


NEW MEXICO 


WILLIAM F. BROWN 
Consulting Geologist 


Box 302 Mount PLgAsant, MicH. 


RONALD K. DsFORD 
Geologist 


ROSWELL MIDLAND 
New Mexico TEXAS 


NEW 


YORK 


FREDERICK G. CLAPP 


BROKAW, DIXON & McKEE 


Consulting Geologist — OIL—NATURAL GAS — 
OHIO 
JOHN L. RICH 
Geologist 


Specializing in extension of ‘‘shoestring’’ pools 
University of Cincinnati 
Cincinnati, Ohio 
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OKLAHOMA 
GINTER LABORATORY 
BECK CORE ANALYSES 
ecologist Permeability 
Porosity 
1222-A Republic Natl. erves 
717 Bids. Bank R. L. GINTER 
TULS. ALLAS, Owner 118 West Cameron, Tulsa 
MALVIN G. HOFFMAN 
Geologist WELL ELEVATIONS 
Midco Oil Corporation LAUGHLIN-SIMMONS & CO. 


615 Oklahoma Building 
TuLsa OKLAHOMA 


A. I. LEVORSEN 
Petroleum Geologist 


221 Woodward Boulevard 
TULsa OKLAHOMA 


GEO. C. MATSON 
Geologist 


Philcade Building Tutsa, OKLA, 


G. H. WESTBY 
Geologist and Geophysicist 
Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 
L. G. 
J. R. Jr. 
Grant Building, Pittsburgh, Pa. 


TEXAS 


JOSEPH L. ADLER 
Geologist and Geopbhysicist 


Consultant and Contractor in Geological and 
Geophysical Exploration 


325 Esperson Bldg. 
HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geopbysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 


Miaco Dullidio 
TULSA, OKLAHOMA : 
‘ 
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A. H. GARNER 
Geologist Engineer 


PETROLEUM 
NATURAL GAS 


First National Bank Building 
Dallas, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 


Specialist, Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 


E. DsGOLYER 
Geologist 
Esperson Building 
Houston, Texas 
Conti 1 Buildi 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


F. B. Porter R. H. Fash 
President Vice- President 


THE FORT WORTH 
LABORATORIES 


Analyses of Brines, Gas, Minerals, Oil, Inter- 
pretation of Water ‘aneiees. Field Gas Testing. 


Forth Worth National FORT WORTH. 
? 82842 Monroe Street FORT WORTH, TEXAS 
Bank Building TEXAS Long Distance 138 
J. S. Hupnatt G. W. 


HUDNALL & PIRTLE 
Petroleum Geologists 
Appraisals Reports 


JOHN S. IVY 
Geologist 


921 Rusk Building, HOUSTON, TEXAS 


Peoples Nat'l. Bank Bldg. TYLER, TEXAS 
W. P. JENNY GEO. C. McGHEE 
Geologist and Geophysicist Geologist and Geophysicist 
Gravimetric Seismic 
Magnetic Electric NATIONAL GEOPHYSICAL COMPANY 


Surveys and Interpretations 
907 Sterling Bldg. HOUSTON, TEXAS 


Tower Petroleum Building 
DALLAS, TEXAS 


E. E, Rosas 
SUBTERREX 
BY 
Geophysics and Geochemistry 


Esperson Building Houston, Texas 
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315 Sixth Street 
—. SAN ANTONIO, TEXAS ‘ 
No Commercial Work Undertaken 
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HOUSTON TEXAS 


ROBERT H. DURWARD 
Geologist 


Specializing in use of the magnetometer 
and its interpretations 
1431 W. Rosewood Ave. San Antonio, Texas 


W. G. Savitte J. P. SchumacHsER A. C. PAGAN 


TORSION BALANCE 
EXPLORATION CO. 


Torsion Balance Surveys 


1404-10 Shell Bldg. Phone: Capitol 1341 
HOUSTON TEXAS 


HAROLD VANCE 
Petroleum Engineer 


Petroleum Engineering 
A. & M. College of Texas 
COLLEGE STATION, TEXAS 


CUMMINS & BERGER 
Consultants 
Specializing in Valuations 
Texas & New Mexico 


1601-3 Trinity Bldg. Ralph H. Cummins 
Fort Worth, Texas Walter R. Berger 


WM. C. McGLOTHLIN 
Petroleum Geologist and Engineer 


Examinations, Reports, Appraisals 
Estimates of Reserves 


Geophysical Explorations 
806 State Nat'l. Bank Bldg., CORSICANA, TEXAS 


JOHN D. MARR 
Geologist and Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


F. F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


Frank C, ROPER Joun D. Topp 


ROPER & TODD 
Specializing Sparta 
Wilcox Trend Problems 


527 Esperson Bldg. 


Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 


217 High Street 
MORGANTOWN WEST VIRGINIA 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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DIRECTORY OF 
GEOLOGICAL AND GEOPHYSICAL 
SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 
Box 979, Tulsa, Oklahoma 
COLORADO ILLINOIS 
ROCKY MOUNTAIN 
ASSOCIA LEUM ILLINOIS 
GEOLOGICAL SOCIETY 
DENVER, COLORADO President - Verner Jones 
President - += + Warren O. Thompson Magnolia Rochen Mattoon 
1st Vice-President David B. Miller Vice-President - - + Melville W. Fuller 


1 lord 
2nd Vice-President - + - 
810 U. S. Nati 
Secretary-Treasurer - - - - ~ Ninetta Davis 
224 U. S. Customs Building 


Dinner meetings, first ay oe of each 
month, 6:15 P.M., Auditorium Hotel sai 


Carter Oil Company, Mattoon 


Secretary-Treasurer - - Elmer W. Ellsworth 
W. C. McBride, Inc., Centralia 


Meetings will be announced. 


KANSAS LOUISIANA 
KANSAS THE SHREVEPORT 
KANSAS GEOLOGICAL SOCIETY 
President - -_ Geo. H. Norton SHREVEPORT, LOUISIANA 
Vice-President Atlantic ning H. Allan 
Consulting. Geol of President C. C. Clark 
Secretary-Treasurer - x 3. Gail Carpenter ft 
of Weil Log Harvel E. White Oil Company 


Mostings: 7:90 7: Alle Hotel, first 
Toesday of 2 isitors cordially wel- 


Bureau 
ng 


Secretary-Treasi E. F. Miller 
Oliphant Oil Con. 911 Commercial Bank Bldg. 
San, of ove 7:30 P.M., 

il Courts R do Paris urt House. 


MICHIGAN 


MICHIGAN 
GEOLOGICAL SOCIETY 
President - - + Carl C. Addison 
The Pure ‘Oil “Company, Saginaw 
Jed B. Maebius 

Oil ‘Corporation, Saginaw 
Secre R. P. Grant 
ichigan Geological Survey, Lansing 


tween, Saginaw, Me 


Business 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 


President Dean F. Metts 
Humble Oil & Refining Co., cage La. 


cGlasson 
Stanolind Oil and Gas Company 

Secretary O. Grigsby 
Stanolind Oil and Gas a 

Treasurer - aker Hoskins 


Shell Oil Company, Inc. 
Meeti Luncheon ist Wednesday at Noon 
(12:00 ond business meetin "§ third Tuesday of each 
month at 7.00 P.M. at the Majestic Hotel. Visiting 
ogists are welcome. 
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OKLAHOMA 
OKLAHOMA CITY 
ARDMORE GEOLOGICAL SOCIETY 
GEOLOGICAL SOCIETY OKLAHOMA CITY, OKLAHOMA 
President- - - + + = + DonL. Hyatt Oklahoma 
Vice-President - rt S. Clinkscales 
Vice-President acs - J. P. Gill Consulting Geologist, Building 
ecreé reasurer Morris threy 


First Tuesday of each month from One 
ber to May i at 7:30 P.M., Dornick Hil 


Mestigns, Ninth Floor, Commerce Exch: Build- 

ing: Technical Program, second Monday each 

meath, 8:00 P.M.; Luncheons, every ‘Monday, 
P.M. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President -_ Roy P. Lehman 
Phi llips Petroleum Company 


Vice-President - J. Lawrence Muir 
Amerada Petroleum — on 


Secretary-Treasurer- - - ‘om L. Girdler, Jr. 
Sinclair Prairie Oil ani 


the each month at 8:00 
at the Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 


Vice-President + + + + + + L. A. Johnston 
Sunray Oil 


+ + Constance Leatherock 
Water Associated Oil Company 
: Second and fourth Wednesdays, each 


Meeti 
October to May, inclusive, 8:00 
P.M. 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President - - R. Clare Coffin 
Stanolind | Oil and Gas Company 
Ist Sherwood Buckstaff 
1 Oil Company, os 
2nd Vice-Protdent Lee C. Lamar 
Carter Oil Company 
Secretary-Treasurer- uis H. Lukert 
The Texas Company 
Editor- - A. N. Murray 
University of Tulsa 
Associate a - - Maurice R. Teis 
and stake Comp h th, 
eeti and thir ondays, each moni 
—y inclusive, at 8:00 P.M., 
of rrell_ Hall Auditorium. 
Luncheons: Every Thurs ay, Michaelis Cafeteria, 
5Qz, South Boulder Avenue. 


TEXAS 


DALLAS 
PETROLEUM GEOLOGISTS 

DALLAS, TEXAS 
President - - - « Rettger 
Sun Oil Company 
Vice-President - - - - W. W. Clawson 

Magnolia Petroleum Company 

Secretary-T: - - -H M 
ecretary- lenry J organ, Jr. 
Executive Commitiee - - + Eugene McDermott 
Meetings: Regular luncheons, first Monday of each 
month, 12:15 noon, Petroleum Club. Special night 
meetings by announcement. 


EAST TEXAS GEOLOGICAL 
SOCIETY 


TYLER, TEXAS 


Presidemt - A. C. Wright 
Shell Oil Company, Inc. 


Vice-President + + + + &E. Rice 
Pure Oil Company 


Secretary-Treasurer - Frank R. Denton 
Stanolind Oil and Gas Company 


Meetings: Monthly and by call 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel. 
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TEXAS 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 


President - - Earle Brown 
Consulting Geologist, Trinity Life Building 
Vice-President - - - . H. Markley 

The Texas Company J 


Secretary-T: Vernon Lipscomb 
ree Pure Oil Company 


: Luncheon at noon, Worth Hotel, 
every 
mittee. Visiting geologists are welcome to all 
meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 
President - - David Perry Olcott 
Humble Oi and Refining Company 


Vice-President - 


Secretary-T: - Carleton D. Speed, Jr. 
Speed Oi Company 


"i meeti every Thursday at noon (1 
nostings Thursd (12 
lly’s Restaurant, 910 Texas Ave- 
pany Pr an — pertaining to the meetings 
write of cal secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 

Presi 


Fare - 1 E. M. Purcell 
1 Hamilton Building 


- - A. Daniel 
Consulting “Geo 
814 Hamilton Bui 


and evening programs be an- 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 
SAN ANTONIO AND CORPUS CHRISTI 
TEXAS 


- + Willis Storm 
733 Milam “Building, San Pe yg 
- Dale L. Benson 


Sinclair Prairie Oil Company, Corpus Christi 

inn Robert N. Kolm 
2 Milam Building, Antonio 

Meetings: Third Friday of each month at 
at the Petroleum Club. Luncheons every day 
noon Petroleum Club, Alene National Build 
a Antonio, and at Plaza Hotel, Co 
Christi. 


SOUTHWESTERN GEOLOGICAL 
SOCIETY 


AUSTIN, TEXAS 


President - Duncan McConnell 
Univ. Texas, Dept. of Geology 


Vice-President - 
Bureau of Economic out, 


Secretary-Treasurer W. C. Iki 
Te Texas, Dept. ‘of “Geology 


Meetings: Every third Friday at 8:00 p.m. at the 
University of Texas, Geology Building 14 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 
Berte R. Haigh 
W. C. Fritz 


President - + + «= 
University Lands 
Vice-President - + «+ 
Skelly Oil Company 
Secretary-Treasurer - J. E. Simmons 
Continental ‘Oil “Company 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 
P.O. Box gr 
Presid C. Lafferty 
Libbey-Owens ‘arte Department 
Vice-President - - J. R. Lockett 
Ohio Fuel ‘Gas Company 
Columbus, Ohio 


Secretary-Treasurer - Charles B. 
Godfrey L. Cabot, Inc. Bon 


Meetings: Second Monday, each month, 
P.M., Hotel. 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President - - E. A. Eckhardt 
Gulf Research and Development Company 
Pittsburgh, 
- W. T. Born 

Research | poration 
"Tulsa, Oklahoma 


Edito' D. Wyckoff 
‘Calf ‘Research and “Company 
Houston, Texas 
Secretary-Treasurer - . H. Crowell 
Independent Exploration Company, ‘ouston, Texas 
Past-President - F. M. Kannenstine 
Kannenstine Laboratories, Houston, Texas 
Business Meow - J. F. Gallie 
. Box 777, “Austin, Texas 
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GEOLOGY OF THE TAMPICO REGION, MEXICO 
By JOHN M. MUIR E 
280 pp., 56 illus. Cloth. 6 x 9 inches. 
$4.50 ($3.50 to A.A.P.G. members and associates) 
American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


STRUCTURAL EVOLUTION OF SOUTHERN CALIFORNIA 
By R. D. REep anp J. S. HoLtister 


is available in the standard binding of the Association: blue cloth, gold stamped, 6 x 9 inches, with 
colored map in pocket. Postpaid, .00. Extra copies of the tectonic map, 27 x 31 inches, on strong 
ledger paper in roll: postaid, $0.50. 


The American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


REVUE DE GEOLOGIE 
et des Sciences connexes 


RASSEGNA DI GEOLOGIA 
e delle Scienze affini 


REVIEW OF GEOLOGY 
and Connected Sciences 


RUNDSCHAU FUR GEOLOGIE 


und verwandte Wissenschaften 


Abstract fpgract published monthly with the ration of the FONDATION UNIVERSITAIRE DE 

BELGIQUE and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 

tion of several scientific institutions, geological surveys, and correspondents in all countries of the world. 
GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 
TREASURER, Revue de Géologic, 35, Rue de Armuriers, Liége, Belgium. 


Subscription, Vol. XIX (1939), 35 belgas Sample Copy Sent on Request 


The Annotated THE 
JOURNAL OF 
Vol. XI, No. 2 GEOLOGY 


Now Ready a semi-quarterly 


Orders are now being taken for the Edited by 
entire volume at $5.00 or for individual ROLLIN T. CHAMBERLIN 
numbers at $3.00 each. Volumes I-X can 
still be obtained at $5.00 each. 


Bibliography of Economic Geology 


Since 1893 a constant record of 
The number of entries in Vol. XI is the advance of geological science. 

2,247. Articles deal with problems of 

Of these, 529 refer to petroleum, gas, pee Se 

etc. and geophysics. They cover the plete with diagrams, figures, and 

world. other illustrations necessary to a 
If you wish future numbers sent you full scientific understanding. 


promptly, kindly give us a continuing 
$6.00 a year 
$1.00 a single copy 
An Index of the 10 volumes was issued in J 
May. Price: $5.00 Canadian postage, 25 cents 


Foreign postage, 65 cents 


Economic Geology Publishing Co. 
Urbana, Illinois, U.S.A. 


THE UNIVERSITY OF CHICAGO PRESS 


** 
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FIRST IN OIL 
1895 — 1939 


THE 


FIRST NATIONAL BANK AND TRUST COMPANY 
OF TULSA 


THE GEOTECHNICAL CORPORATION 
Roland F. Beers 


President 


1702 Tower Petroleum Building 
Telephone LD 711 Dallas, Texas 


Verlag von Gebrider Borntraeger in Berlin und Leipzig 


Geologie der Erde unter Mitwirkung zahlreicher Fachgelehrter herausgegeben 
von Prof. Dr. Erich Krenkel. 


Geologie of North America herausgegeben von Prof. Dr. Robert Balk und Prof. 
Dr. Rudolf Ruedemann, Band I: Mit 14 Tafeln u. 53 Textabbildungen (XI und 643 


Seiten) 1939. Gebunden RM 16.— 


Das Werk, von dem der 1. Band jetzt vorliegt, soll eine Gesamtdarstellung der 
Geologie Nordamerikas geben, in der alle Gebiete méglichst gleichmaBig behandelt 
werden. Verfasser beschreiben die einzelnen Gebiete. Stratigraphie und geologische 
Entwicklung jeder Proving steht im V ordergrund der Darstellung; Literaturverzeichnisse 
sind fast jeder Arbeit beigegeben. Das Werk erscheint in der Serie ,,Geologie der Erde“, 
herausgegeben von Prof. Krenkel und diirfte einem weiten Kreis geologisch interessierter 
Leser gerecht werden, da es die erste moderne Darstellung des nordamerikanischen 
Kontinents seit 1912 ist. In weiteren Binden werden die Gebirgssysteme sowie Mexiko 
und Zentralamerika behandelt. Kapitel iiber Tektonik, sowie Lagerstaitten nutzbarer 
Mineralien sind ebenfalls vorgesehen. 


Ausfiihrliche Einzelprospekte kostenfrei 
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Contour Work 
Speeded Up By PAULIN 


PRECISION 
ALTIMETERS 


The new PAULIN leveling aneroid 
enables field crews to complete con- 
tour assignments in a few days re oa 
where formerly weeks were re- we 
quired. One major oil company re- 
ports that two men, working with a 
Paulin altimeter, contoured an area 
of 21% square miles at fifty foot in- 
tervals, in only two days. The new 
Paulin Altimeter is made in several 
models, varying in range, size and 
price. Illustrated at the right is the 
dial of Model A-1, graduated at 2 
foot intervals from 0 to 4500 feet, 
with barimetric scale covering the 
entire range. Other models have a 
range from 0 to 11,600 feet. Mail 
the coupon to receive complete 
literature. 


The American Paulin System, 
1847 South Flower Street 
Los Angeles, Calif. 


Please send me latest catalog sheet showing Paulin Leveling Altimeters designed especially 
for use by Petroleum Geologists. 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


BY JOSEPH ZABA, E.M.M.Sc. 
Petroleum Engineer, Rio Bravo Oil Company 


and 


W. T. DOHERTY 
Division Superintendent, Humble Oil & Refining Company 


For a number of years there has been a growing demand for a handbook containing formulae 
and other practical information for the benefit of the man working in the production and drilling 
branches of the oil industry. So great has been this need that many engineers have tried to ac- 
cumulate their own handbooks by clipping tables, formulae and figures from scores of sources. 


The co-authors of this volume discovered by coincidence that each had been for a period 
of several years accumulating practical data which through their collaboration appears in this 
book. Both of them are men who have not only received theoretical training but who have had 
many years of practical experience as engi in dealing with every day oil field drilling and 
production problems. 


As a result of this collaboration of effort the publishers of this volume feel that it is a most 
valuable contribution to oil trade literature. 


Its purposes are distinctly practical. The tables, formulae, and figures shown are practical 
rather than theoretical in nature. It should save the time of many a busy operator, engineer, 
superintendent, and foreman. 


TABLE OF CONTENTS 


Chapter I—General Engineering Data _ Chapter V—Drilling 
Chapter Il—-Steam Chapter VI—Production 
Chapter !11—Power Transmission Chapter Vil—Transportation 
Chapter 1V—Tubular Goods 


Semi-Flexible Fabrikoid Binding, Size 6 x 9, 408 pages—Price $5.00 Postpaid 


Send check to 


THE GULF PUBLISHING COMPANY 
P. O. Drawer 2811 Houston, Texas 
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Your Well Bottoms 
EXACTLY Where You 


Want It When LANE-WELLS 
DIRECTIONAL DRILLING CREW 
COMES ON THE JOB 


Operators know that Lane-Wells provides experi- 


enced crews for every directional drilling or side- 


tracking problem. 


They will tell you "Call Lane-Wells and have the 
job done right." 


Lane-Wells Services and Products 


Include: Gun Perforators * Electro- 
log * Oil Well Surveys * Direction 
Control of Drilling Wells * Packers * 
Liner Hangers * Bridging Plugs * Sin- 


gle Shot Survey Instruments * Knuckle General OFFi 
Whipstocks ocd Mie ® 30 Leaington Ave: 


5610 S. Soto St. New York City, N.Y. 


Los Angeles, Calif. 


INOUNCING 


The Baroid Well Logging Service takes advan- 
tage of the fact that the oil, gas, or salt water 


with the depth of the hole it is possible to de- 
Below is shown the ia. termine relative quantities of gas, oil, or salt WELL LOGGING 


mounted inside of the The Baroid Well Logging Service is probably Ke 
trailer. Information re- the enly logging system that can detect an oil 
garding the formatron 


or ges before & FORMATION INFORMATION 
closed by tein made on mation also disclosed THROUGH MUD ANALYSIS 
these instruments while 9ing Service has made it possible to detect 


All of the equipment required for this service 
is mounted in a trailer which can be used at a 
well and then can be moved conveniently to 
another well when desired. 

These trailers are available to oil companies 


BAROID SALES DEPARTMENT 


NATIONAL PIGMENTS & CHEMICAL DIVISiIC. 


NATIONAL LEAD COMPANY 
BAROID SALES OFFICES: LOS ANGELES « TULSA » HOUSTON 


4 
| 
j LANEGWELLS 
"J 
“2 
content of any formation drilled up by the bit Re 
must of necessity be picked up by the drilling 
mud as it is circulated. By accurate correlation 
drilling is proceeding. washouts and thereby prevent twistoffs which 
ae might have resulted in costly fishing jobs. : 
Gas-oil ratios have been reduced in some 
es 2 a fs fields due to the knowledge of formations in- . 
dicated by this method of logging. In many 
a due to the fact that coring has been minimized. 


_ UNITED GEOPHYSICAL COMPANY 
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HERE'S WHY YOU ARE SURE | 
OF BETTER CORING WITH 
A BJ ELLIOTT WIRE LINE 


RETRACTABLE CORE DRILL 


@ THE PATENTED INNER BARREL IS MORE EFFICIENT 


By utilizing the principle of a Venturi tube, the exclusive Elliott INNER BARREL 
VALVE reduces pressure on the inner barrel as much as forty pounds per square 
inch. The resulting suction assists easy entrance of the core into the inner barrel, 
eliminating friction, so that soft sands (even when interbedded with Shales) are 
recovered in their true form. The accurate cross-section of formation thus obtained 
is ideal for determination of all characteristics by geologists and engineers. 


@ IT IS EASY TO RETRACT BARREL WITH CORE 


The inner barrel rides on a shoulder in the drilling bit where circulation pres- 
sure holds it securely in position to receive the core. No driving mechanism is 
required for rotation of the inner barrel, nor is a mechanical lock required to hold 
the inner barrel in place. Free, unobstructed passage of the streamlined assembly 
is thus secured, both when it is dropped or retrieved from the hole. 


@ CUTTER HEADS DRILL FAST AND STAY SHARP 


By directing the discharge circulation close to the bottom of the piloted-type 
cutter heads the blades are kept clean and cool and all cuttings are flushed 
off the bottom. New formation is constantly exposed, regrinding of cuttings is 
avoided, faster drilling is secured, and greater footage obtained from the cutter 
heads. 


@ SIMPLE DESIGN WITH FEW PARTS AVOIDS DELAYS 


The inner barrel has no bit ahead, and full length cores are readily taken with 
a rock head in hard formations. All parts are sturdy in construction, and many small 
parts have been eliminated. 

It is truly a simple matter for an experienced driller to start at once to take good 
cores, with maintenance costs and down time reduced to a minimum. 


The BJ Office or Distributor nearest you will promptly furnish Bulletin, details and prices 


DISTRIBUTORS SALES SERVICE 


GULF COAST DISTRIBUTORS 
Houston Oil Field Material Co., Inc—Wilson Supply Company—HOUSTON, TEXAS 


For Sales and Service in California, kindly direct inquiries to. . . 
PACIFIC CEMENTING COMPANY — 2801 Cherry Avenue, Long Beach, California 


BYRON JACKSON CO. 
Gulf Coast and Mid-Continent: Export Office: 


WIRE LINE RETRACTABLE CORE DRILL 
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An A.A.P.G. Book of Oil-Field Structure 


Articles on 
Fields in 


New Mexico 
Texas 
Kansas 
Oklahoma 
Arkansas 
Louisiana 
Michigan 
Illinois 


Mississippi 
Alabama 

New York 
Pennsylvania 
West Virginia 
Mexico 


Rare Gases 
The Industry 


Geology of 
Natural Gas 


Edited by HENRY A. LEy 


Here for the first time has been assembled a comprehensive geologic 
treatise of the occurrence of natural gas on the North American Continent. 


@ 1227 pages, including a carefully prepared index of 77 pages 


@ 250 excellent illustrations, including Maps, Sections, Charts, 
Tables, Photographs 


@ Bound in Blue Cloth. 6 x 9 x 2 inches 
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| SS 
Reduced illustration showing natural gas regions in United States 


“‘There is scarcely any important fact relative to North American gas, be it stratigraphical, 
structural, or statistical, that cannot be readily obtained from the volume.’’—Romanes in 
Jour. Inst. Petrol. Tech. (London). 


Price, postpaid, only $4.50 to paid-up members and associates, $6.00 to others 


The American Association of Petroleum Geologists 
: BOX 979, TULSA, OKLAHOMA, U.S.A. 
London: Thomas Murby & Co., 1, Fleet Lane, E. C. 4 
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NOW AN OFFICIAL MEANS OF PRORATING WELLS 
IN A LARGE MAJORITY OF KANSAS POOLS 


After a year of severe tests in comparison with pressure 
bomb and physical draw-down methods, the operators 
of Kansas have made ECHO-METER one of the official 


means of prorating wells. 


ECHO-METER is accurate and reliable. Measurements 
are quickly made and the permanent ink record is avail- 


able immediately. 
A LOW COST SERVICE 


Experienced operator, and truck containing full equipment for 
handling wells under any pressure: Daily Rate—$37.50. Mileage 
at 6¢ per mile is additional. 


BRANCH OFFICES 


P.O. Box 392 111 N. 15th St. P.O. Box 915 
Great Bend, Kansas Mt. Vernon, Illinois Longview, Texas 


~ 


SHUTTING DOWN 
INTERNATIONA THE PUMP 
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Organized in 1929 - Phone West Los Angeles 34180 OR TUBING 
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1063 Gayley Avenue Los Angeles, California PRODUCTION 


Be 
xxvi 
’ 
F 
STEEP-FRONT | 
couar 
REFLECTIONS 
CATCHER _ 
LINER ; 
Tor | 
| 
° 
\i 
. 
| 


Bulletin of. The American Association of Petroleum Geologists, September, 1939 


An A. A. P. G. book 


MIOCENE STRATIGRAPHY 
OF 


CALIFORNIA 


By ROBERT M. KLEINPELL 


This Work Establishes a Standard Chronologic-Biostratigraphic Section 
for the Miocene of California and Compares It with the Typical 
Stratigraphic Sequence of the Tertiary of Europe 


CONDENSED TABLE OF CONTENTS Page 

Paleogeographic Significance of the Foraminiferal Assemblages ...... oiuersat ll 
Historical Summary of Foraminiferal Data ................000seeeeeeeeeeees 20 


Analysis of Stratigraphic Distribution of Foraminifera in the California “Miocene” 79 
Chronologic-Biostratigraphic Classification of the Marine Middle Tertiary 


Formational Correlations Within the California Province ...............000eee005 159 
Stratigraphic Position of Reliz Canyon Section with Respect to California 

Stratigraphic Position of Some Typical California Formations with Respect to 

Age of California Stage Sequence with Respect to European Tertiary Column ... 168 


400+ pages; 14 line drawings, including a ~e correlation chart in pocket: 22 full- 
tone plates of Foraminifera; 18 tables (check lists, and a range chart of 15 pages) 
Bound in blue cloth; gold stamped; paper jacket: 6x9 inches. 


PRICE: $5.00, POSTPAID 
($4.50 TO A.A.P.G. MEMBERS AND ASSOCIATES) 


The American Association of Petroleum Geologists 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
London: Thomas Murby & Co., |, Fleet Lane, E.C. 4 
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CALIFORNIA'S MOST COMPLETE — 


S 

C 
The ONE weekly service that— O 
1. Supplies timely maps and charts at no additional cost. 

2. Furnishes a Perfected permanent record system. I 


3. Gives complete and accurate coverage of all drilling 
wells. 


5. Carries both field production averages and the weekly 
state summary of operations. 


N 
G 
4. ls indexed for your convenience. : 
R 
V 


CALIFORNIA OIL WORLD NEWS SERVICE { 


828 Petroleum Securities Bldg. 
LOS ANGELES oa CALIFORNIA 


GULF COAST OIL FIELDS 


FIFTY-TWO AUTHORS 


Forty-Four Papers Reprinted from the Bulletin of The American Association of 
Petroleum Geologists with a Foreword by Donald C. Barton 


EDITED BY 
DONALD C. BARTON 
Humble Oil and Refining Company 
AND 
GEORGE SAWTELLE 
Kirby Petroleum Company 


THE INFORMATION IN THIS BOOK IS A GUIDE FOR FUTURE DISCOVERY 
© 1,084 pages, 292 line drawings, 19 half-tone plates 
@ Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 


PRICE: $4.00, EXPRESS OR POSTAGE FREE 
($3.00 to A.A.P.G. bers and iate members) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
London: Thomas Murby & Co., 1, Fleet Lane, E.C. 4 
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WANTED 


If you have a copy of any or all of these A.A.P.G. publications, whole and in 
usable condition, the Association offers you the prices indicated. 


The Bulletin (SW. Assoc. Petrol. Geol.), Vol. 1 (1917) ........... 00. $10.00 
The Bulletin (A.A.P.G.), Vol. 4, Nos. 1, 2 (1920) .............005. Each 3.00 
The Bulletin (A.A.P.G.), Vol. 17 (1933). Cloth ......... 
The Bulletin (A.A.P.G.), Vol. 20 (1936). Cloth ................0005. 17.00 
Geology of Salt Dome Oil Fields (1926). Cloth ................2005. 15.00 
Theory of Continental Drift (1928). Cloth ...................00.005. 7.00 
Structure of Typical Amer. Oil Fields, Vol. 1 (1929). Cloth.............. 8.00 
Geology of California (1933). Cloth .............. 7.00 
Problems of Petroleum Geology (1934). Cloth) ...................... 10.00 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 


For modern viewpoints 
on the centre of the earth 


See this authoritative review of theory and experiment by nine prominent 
geophysicists, thoroughly summarizing the important work of the past 
fifteen years. 


INTERNAL CONSTITUTION OF 
THE EARTH 


A Physics of the Earth Monograph, prepared under the 
— of the National Research Council, Washington, 


Edited by Beno Gutenberg 
Professor of Geophysics, California Institute of Technology 


413 pages, 634 x 934, $5.00 


These specialized treatises thoroughly review recent ‘research and the 
preseht status of our knowledge of the interior of the earth. They 
discuss the elastic properties of the earth's crust and its relation to 
the iaterior, the various hypotheses of the development of the crust and 
their implications, evidence of the interior of the earth derived from 
seismic sources and from deep-focus earthquakes. Practical Geologists 
will find this a valuable and useful volume. 


Order from 
The American Association of Petroleum Geologists 
Box 979, Tulsa, Oklahoma 
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2 Reflection Seismograph Surveys by Western Geoph 
than the deepest oil well thus far drilled. Although tod 
than ever before, it will be years before the bit penet 
graph exploration. x} In California, for exemple, We 
future deep well drilling operations—is mapping str 


Using the most scientific methods and equipment availab 


15,000 FEET 
OF THE BIT! 


ysical Company are extending thousands of feet deeper 
ay new deep well records are being established faster 
rates the formations now reached in reflection seismo- 
stern Geophysical Company—looking ahead toward 
ture 20,000 to 30,000 feet below the earth's surface. 


le, this organization is securing sub-surface information 


which will be used not only in drilling tomorrows wells, but to give a more complete’sub-surface picture for the 
guidance of today’s wells! 


yx Western Geophysical Company maintains trained and experienced field crews for geo- 
physical prospecting either in the United States or abroad. yy We will be glad to supply more 
detailed information on request. 
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PERFORMANCE PLUS 


WITH THE 


One of Parshall-Graham Oil Co's effi- 
cient crews holding a 16 foot section 
of an 18 foot core. Recovered on 
their Yockey No. | with a 61/," 
Reed Kor-King Core Drill. 


LONGER. LARGER DIAMETER CORES 


MAXIMUM PERCENTAGE RECOVERY 


REED ROLLER BIT CO. 


P.O. Box 2119 Houston, Texas 
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Inquiries 
invited regarding: 3 
Seismic Surveys a 
or 
Consulting Services 
and 
Supervised Record 
Review and Interpretation 


EUGENE McDERMOTT 
PRESIDENT 


DALLAS, TEXAS 
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‘In drilling deep wells, there comes @ 
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